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BCTYII

MopentoBanHsl € HaHOLIBIT €PEKTUBHUM CIOCOOOM JOCHIKEHHS CKJIAJHUX
CUCTEM TEXHOJOTIYHMX IIPOIECIB BUTOTOBJICHHS MaTepiaiB — SK Ha eTaml ix
IIPOCKTYBaHHS, TaK 1 B Ipolieci ekcruryaraiii. MoKJIMBOCTI MOJCIIIOBAHHS CHCTEM
JaJIeKO HEe BUYEpIaHi, TOMY MOCTIMHO 3’SIBJISIOTHCS HAMHOBIII METOJIU Ta TEXHOJIOT11
MOJICJTFOBAaHHS.

CtBopeHHST MOjEN — KPOMITKMH 1 TBOpYMU TIpPOIEC, IO BHUMAarae Bij
TOCITITHAKA HE TITBbKH TIUOOKUX TECOPETUYHUX 3HAHb 3 PI3HUX MATEMaTHYHHX Ta
TEeXHIYHUX TUCIUTUIIH, aJIe i TBOPYOTO MiIXO0Ty 10 PO3B’sI3aHHS 3a1a4.

Mopeni 1 METOAM MOJIETIOBAHHS BUKOPUCTOBYIOTHCS MPU CTBOPEHHI CHCTEM
aBTOMATU30BaHOTO  MPOCKTYBAaHHS, CHCTEM  TNPUUAHATTS  pillleHb, CHCTEM
aBTOMATU30BaHOTO KepyBaHHsA. [loTpeba y po3B’sa3aHHI 3a7a4 MOJICITIOBAHHS CHCTEM
BUHHMKA€ HE TUIBKA Yy HAyKOBUS, ajle ¥ y MPOEKTyBaJlbHUKA, BUPOOHHUKA, I1I0BOI
JIIOIMHM TI1]] 4ac MOBCSAKACHHOI mparii.

[licnst BUBYEHHS TEOPETUHYHOIO MaTepiaidy 1 BAKOHAHHS JJa0OpaTOPHUX PoOIT 3
JTaHOi JUCIUIUTIHKM, CTYJCHT TOBHMHEH 3HATH METOAM IMOOYTOBHM MaTEeMaTHIHHUX
MOJIeJIeH PI3HUX THUIIIB 1 METOAM onTuMmizaili o0’ekTiB nociimkeHHsa. CTyaeHT
MOBMHEH TaKOXX BMITU OyJyBaTH, aHaJI3yBaTh 1 BUKOPUCTOBYBATH Ha MpPaKTHUIIL
MaTeMaTH4YHl MOJIeJll PI3HOMAHITHUX O00’€KTIB JOCHTIDKCHHS, 3IIMCHIOBATH iX
OIITHMI3AIlO.

[Ipr mnoOyaoBI MaTEeMaTHYHHMX MOJEICH TEXHOJIOTIYHUX TMPOIECIB JIUTTS
IITUPOKO BUKOPUCTOBYETHCS (Pi3uKa 3 11 GyHIaMEHTAIBHUMH 3aKOHAMU 30epeKeHHS,
cTaTUCTMYHA (I3MKa, TEepMOJMWHAaMIKa, Teopis Teronepenaadi Ttomgo. [lupoko
BUKOPUCTOBYETHCS TaKOX (Pi3WyHA XiMis, HAPUKIIAJ, TPU TTOOYI0BI MaTEMATHYHHUX
MoJiesIel TEpMOANHAMIKH MIPOIIECIiB BUTOTOBJICHHS MaTepiaiB.



JIABOPATOPHA POBOTA Ne 1
TEOPETUYHI MATEMATHUYHI MOJAEJII

Merta podotu — [loOynyBatu TeOpeTUUHY MAaTeMaTUYHY MOJENb HarpiBaHHS
BI/UIMBKA B II€Yl.

1.1. 3araabHi BizoMocTi

Teopernyni  MarematuyHi  Mojemi  OyAylOThCS  3A€OUTBIIOTO  JUIS
0JTHO(AaKTOPHUX CUCTEM (TOOTO JJISI CHCTEM 3 OJIHIEI0 HE3aJICKHOIO 3MIHHOIO) 1 JyKe
PIIKO — JJIsl CUCTEM 3 OUIBIIIOI0 KUIBKICTIO HE3AJIE)KHUX 3MIHHHUX.

[Tpu o0y 1oBi 01HO(MAKTOPHOI TEOPETUIHOI MaTeMaTUIHOI Mozieni tury Y = f(X)
CIOYATKY CKJIAJIal0Th JAU(EpEHIIaIbHE PIBHSIHHS JTaHOI 3aJIEKHOCTI. 3 LI€H0 METOIO,
BUKOPUCTOBYIOYH BIJIIOBIIHI (PyHIAMEHTaIbH1 3aKOHHU (13UKH, XiMii, (PI3UYHOIL XIMii,
IHIIUX TMPUPOJHUYMX HAyK, PO3TISLIA0Th CHUTYaIlll0 B JIESIKIM JOBUIBHIA TOWYII
BKa3aHO! 3alie)KHOCTi. [IpumaBiiM apryMeHTY HECKIHYCHHO Mayiuid mnpupict X,
3alMCYIOTh BIJMOBIMHUI HECKIHUCHHO Mayni mpupict (yHKiii dy i oTpUMYIOThH
BIIIIyKyBaHEe JudepeHIliagbHe pPIBHSIHHS, 1HTEIPYBaHHS SKOTO 3 YpaXyBaHHAM
KOHKPETHHUX YMOB 3a/1aul JIa€ BiIIYKYBaHY TEOPETUYHY MOJIENb.

3amaya moOy/I0BM TEOPETUYHOI MAaTEMATUYHOI MoOJeN aJisi 6araTopakTOpHUX
CUCTEM € 3HAYHO CKJAJHINIONI, HIXK I cucteM onHodaktopHux. [Ipukiagom Takoi
3a/a4li € 1o0yJoBa TEOPETUYHOI MAaTeMaTUYHOI MOJENl  HECTalllOHApHO1
TEIJIONPOBITHOCTI B TUIaxX mpocToi ¢popmu (MIacTUHA, WWIHApP, Kyis). Llsg 3amava
Oyna Bmepiie chopmysibOBaHa 1 PO3B’si3aHA BEIUKUM (PpaHIly3bKUM (PI3UKOM 1
mareMatukoM JK.b. @yp’ey 1822 p.

IHo0ynoBa TeopeTHYHUX MAaTEMATHYHHUX MO/IeJIeH

HarpiBanns BimuBka B medi. TeopeTnyHi mMaTeMaTH4HI MOJENI 3 IIOTO
MUATaHHS MTUPOKO BUKOPUCTOBYIOTHCS B TETUIOTEXHII JIMBAPHUX MTPOIIECIB.

Crouatky moOyayeMoO MaTeMaTU4YHY MOJENb HarpiBaHHsS MeTally B Hedl JUIs
YMOB, IO TUIO, SIKE HArpiBa€ThCsl, € «TOHKUM», TOOTO B HBOTO, HAMPHUKIA],
KOe(DIIIEHT TEMIOMPOBITHOCTI A € AYXKe BEJIMKUM, 1 IO TETUIOTa B MYl 0 METaly
nepeaaeTbest 3rifHo 13 3akoHoM HproToHa-Pixmana mpu cramiii Temmeparypi mnedi
(T, = const).

B MOMEHT wacy T BijJ MOYaTKy HarpiBaHHs 3a MPOMIDKOK 4acy Ot Bij medi 10
MeTany Oyze nepeaaHo Termaotu (puc. 1.1):

dQ=a(T, - T, )Fdr, (1.1)
ne o — edeKTUBHUN KOoe(]IlIEHT TEIUIOBiAadl KOHBEKIIEO BiJl MIYHUX Ta3iB J0
metamny, Br/m*K.

T, 1 T, — Temnepatrypu neui 1 metany, K.
. 2
F — TeriocnpuiiMaroua moBEepxXHS METay, M*.
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Pucynok 1.1 — Cxema HarpiBaHHsl METaly B eyl
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Ternora dQ mine Ha HarpiBanHa MeTany Ha dT,, K:
dQ = mcdT,,, (1.2)

7e M 1 ¢ — Maca 1 TeIJIOEMHICTh METay.
[TpupiBHsiBIM npaBi yacTuHU piBHIHG (1.1) 1 (1.2), onepixkyemo audepeHiiiaabHe
PIBHSIHHS MPOIIECY:

o(T, - T, )Fdt = mcdT,,, (1.3)

SKE TOB’s3y€ MK COOOIO JIBl 3MIHHI BEJIMYMHU — 4YaC HarpiBaHHA T 1 TeMIEpaTypy
Mertay 7.
PiBHsiHHA (1.3) po3B’s13yEMO METOZOM BIAOKPEMIIEHHS 3MIHHUX:

Jdt = (mc/aF )TM]KiH dT, /(T -T,,). (1.4)

0 TM,HOH

[IpoinTerpyBaBuu piBHsiHHA (1.4), onepxxyeMo:
v=(mc/aF)IN|(Ty = Ty now )/ (T = T )| (1.5)

Bupa3 (1.5) 1 npeacrasisic co00r0 BiIIITYKyBaHY TEOPETUYHY MOJICITh HarPiBaHHS.

SIKimo macy MeTajay NpeaCcTaBUTH K A00YyTOK HOro ryCTMHM Ha 00°eM
(m=pV), a BimHOmEHHs 06’eMy 10 ToBepxHi F — sk NMpuBeeHy TOBLIMHY Tina
Sup =V/F, 1o piBHsnns (1.5) nabysae Burmsmty

=Sy C/UN|T = Ty o )/ (T = i )] (1.6)

BBaxkaeTbcsl, 0 BEJIMUMHA O BiIOMa 1 BU3HAYA€ETHCS a00 3a JIITEPaTypHUMHU
naHuMU, 200, HAPUKIIA, 32 POPMYIIOI0



0=C,,10°8(T, + T, T2 + T2 ) Buw’K, (1.7)

ne C,, — IpHBeleHHH KOe]INIEHT BHUIPOMIHIOBAHHSA B CHCTEMI «KJIaJKa-METal»,
KU pO3paxoBYeThCs 3a (hopmyiioro [14]

=Y|UC, -VC, oy, +1C, +{1/C, -1/C, g, ], (1.8)

ae C,, Cy 1 C, — Koe(illleHTH BUMPOMIHIOBAHHS BHYTPIIIHHOI MOBEPXHI KIIAIKU
po60YOTO MPOCTOPY TeUi, TOBEPXHI MeTay 1 aOCOIIOTHO YOPHOTO TiJIa;
Qv 1 Oy — BUATIOBITHI KYTOB1 KOS(DIIIEHTH.
3rigHo 3 piBHsAHHAM (1.7) o0 — 3pocTtaroua GpyHkis 7.
Skio HarpiBaHHS METally B Me4i 31MCHIOETBCS 3T1IHO 13 3aKkoHOM Ctedana-
BonbiMana, To eneMeHTapHa TEeIoTa MpoIecy JOPIBHIOE:

dQ =C,,|(T, /100)* (T, /100)" [F, . (L.9)

[IpupiBusiBmM npaBi yactuHU piBHSIHB (1.9) 1 (1.2), micns BimOKpeMIIeHHS
3MIHHUX OJIEPKYEMO:

TMKiH
jdt—(mC/CHp ) dTM/[(TH/100)4—(TM/100)4]. (1.10)

M,I10Y

[arerpyBanns nudepenmiaabaoro piBHsHHS (1.10) mae [13]:

T= (pS c10° / CHpr) 0,5[arctg(7,, i, /T )-Arctg(T, o /T )|+
+ 0,25|n[(1+ Tyin/ T JU=Toinion /Tt )= Tocine/ T o+ Tyinon /T )] - (1.11)

3rigHo 3 npunymieHHsaM, mozaeni (1.5) 1 (1.11) BimHOCATHCSA JO «TOHKUX» TiJI.
Skmo TIO «MacwBHE», TO MaTreMaThyHa MOJeib, KpiM piBHAHB (1.5) um
(1.10), BKJIFOYAE TAKOXK HACTYIIHI CITiBBITHOIIICHHS:

Ty =MT; (1.12)
m=1+0,5Bi, (1.13)

€ Ty — AIMCHUNA 9ac HarpiBaHHA «MacCHBHOI'O» T1JIa;
T — 4ac, 10 BU3HA4aeThes 3a popmynnamu (1.5) um (1.11);
Bi=aS,, /A —uncno bio.
[Hm npukinaaun noOynOBU TEOPETUYHUX MaTEeMAaTHUYHUX MOJIENEH CTOCOBHO
JMBApHOTO BUPOOHUIITBA MOKHA 3HAWTH B jiteparypi [1-12].



1.2. KoHTpOJIbHI 3aIMTAHHS

1. XapakrepucTWKa  3arajbHOi  METOJAWKH  TIOOYIOBH  TEOPETUYHUX
MaTeMaTUYHUX MOJIETICH.

2. Ilpukmamn moOymOBH TEOPETHYHMX MATEMATUYHHX MOJCTICH B JIMBapHOMY
BUPOOHUIITBI Ta MaTepial03HABCTBI.

1.3. 3aB1annga

1. Ckmamite 1 pO3B’sKITh OUQEpEHIlaIbHE PIBHAHHS HAarpiBaHHSA IUIMTH 3
KO€(IIIIEHTOM TEIUIONPOBIAHOCTI A = 00 B M€yl 31 CTajOK TeMieparyporo t = const
TIpM BUKOPHCTaHHI 3aKOHY Temnooominy y gopmi Q =aft, —t,, )Ft.

2. CxnafiTh 1 po3B’sKITh AUQEpeHIliaTbHe PIBHSIHHS HArpiBaHHS TUIMTH 3 A = o0
B neyi npu BUKOPHCTaHHI 3aKOHY TEIJIO00MIHY y dbopmi

Q=C,, |7, /100)* - (T, /100)" F=.



JIABOPATOPHA POBOTA Ne 2
TEOPETUKO-CTATUCTUYHI MATEMATHUYHI MOJIEJII

Meta po6otu — I[loOyayBatn TEOPETUKO-CTATUCTUYHY MATEMATHYHY MOJICIb
OXOJIOJDKEHHS PiTMHU B METAJICBIA MOCYIWHI 1 MaTeMaTHYHY MOJIENb OXOJIOKCHHS
MeTajly B JIMBapHIi Gopmi.

2.1. 3araanHi BizoMocTi

[{i momeni OymyrOThCs aHAJOTIYHO TEOPETUYHUM. BiaMiIHHICTH TOJATaE B
HasBHOCTI B 3MIIIAHUX MOJENISAX HEBIJOMHUX IapaMeTpiB, SIKI 3HAXOAATh NLISIXOM
CTaTUCTUYHOI OOpPOOKH BIJIMOBIJIHUX EKCIEPUMEHTANbHUX JaHuxX. Llg mpouemypa
Ha3UBa€eThCA 1aeHTU(IKalle0. Y (QopmyitoBaHHI 3aaadl 1IeHTU(dIKaALli BIAOMHUMH
SIBIISIFOTHCS MHOJKMHA BXIJHHX 3MIHHUX X, MHOXXHMHA BHUXIJIHHX 3MIHHMX Y Ta
MHO)kMHA Moxenel F. IlorpiOHO BH3HAUMTH €aUHY MoAenb f 3 MHOXHHU
3anponoHoBaHuX Mmozened F, 1 Bu3HauuTu i nmapamerpu P, mo 3a0e3neuyoTh Ipu
BXIIHUX 3HAUECHHSIX BUXI1JHI 3Ha4YeHHS Y.

Cnig 3ayBaXUTH, IO UYITKOT MeEXl MDK TEOPETHUYHUMU 1 TEOPETUKO-
CTAaTUCTUYHUMM MoJeIsiMM Hemae. JIificHO, B LHMX MOJENSIX Ui «IapameTpa
HE3HaHHS», 3TAHO, HANPUKIAJ, 3 JITEpaTypHUMM JaHUMH, MOXKE OyTH NpHUHHATE
NEeBHE 3HAYEHHSA, 1 TOAl MOJAENb Oyle TEOPEeTUYHO. AHAJIOTIYHUM YUHOM
TEOPETUYHA MOJIEIb, SKIIO JOCTITHUK PUIMAae PIIIEHHS] YTOYHUTH €KCTIEPUMEHTAIHHO
TOM YU IHIIUH 1i TapameTp, MEPETBOPIOETHCS Y TEOPETUKO-CTATUCTUYHY MOJIENb.

IHo0ynoBa 3mimanux mojaeJiei

MartemaTH4Ha MO/eJIb OXOJ0MKeHHs Ti1a. [ToOymyeMo MaTeMaTHIHy MOJIEIh
OXOJIOJUKCHHS ~ PIIWHU, 110 3HAXOJMUThCA B  TOHKOCTIHHIA  MOCyIMHI 13
BHCOKOTEIJIONPOBITHOTO MaTepiany. TemioTa BiJ 30BHINIHBOI MOBEPXHI MOCYANHU
MEePEAAETHCS 10 OTOYYOUOTO MOBITPS 31 CTANIOI0 TEMIEPATyPoro t,,. Maca pimuau m,
il TEIIOEMHICTH ¢, TIOYATKOBA TeMIeparypa piuHu {,, 1 TOBEpXHS TeraoooMiny F
BiJIOMI.

Cxknamaemo audepeHiiiarbHe pIBHIHHS MPOIIECY OXOJIOHKSHHS PiIUHU.

B MomeHT dacy T BiIl MOYAaTKy OXOJIOJKCHHsI BIiJ] 30BHINIHBOI TOBEPXHI
MOCYJAMHM JIO OTOYYIOYOro MoBIiTPsA 3a 4yac Ot Oyae mepeaaHo TEIUIOTH, 3TiIHO i3
dbopmynoro Hetorona-Pixmana:

dQ = alt-t,,, JFdt, Jix, (2.1)

.. . . . 2
1e o, — KoedIIieHT TerIoBiaaa4l KoHBekiiew, B/m™-K;
- 0
t — Temneparypa piaunu, C, B MOMEHT 4acy T, C.
3aBIsAKM I TEIJIOTI TEMIepaTypa PIIUHH 3MCHIIYEThCS Ha BenuuuHy dt

31“iI[H0 3 BUPA30M
dQ =—mcdt, (2.2)
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7Ie 3HaK «MIHYC» O0OYMOBJICHHI 3MEHIIICHHSIM TEMIIEpaTypH PiIUHU.
[TpupiBHsBIM TpaBl yacTUHU BUPa3iB (2.1) 1 (2.2), oxepxkyeMo audepeHIiaibHe
PIBHSIHHS TIPOIIECY:

a(t—t,, JFdt = —mcdt. (2.3)
Binokpemitoemo 3MmiHHI B piBHsSHHI (2.3):
dt = —(mc/aF ) [1/(t -t )dt. (2.4)

[IpoBoaumo iHTEerpyBaHHs piBHSHHS (2.4) Ha 1HTEpBaJi, B MEXax SIKOTO Yac
3MiHIOEThCS Bif 0 10 T, @ TemMmeparypa piguHu t — BiJl MOYaTKOBOTO 3HAYEHHS {04 110
KIHIIEBOTO Ly,

1= (mC/OLF )In[(tHO'-I _tHOB )/(tKIH _tHOB )] ' (25)

PiBusinHa (2.5) 1 € BiANIYKYBaHOIO MaTEMaTUYHOIO MOJEIUIIO, SIKOIO MO>KHA
OyJs10 0 KOPHUCTYBATHCh, IKOM BC1 KOHCTAHTH B Hilt Oynu Bu3HadyeH1. OJIHaK BEJIMYUHA
o, B piBHsHHI (2.5) HeBigoMa, 1 JUIs 1i BU3HAYEHHS, TOOTO JJIs 1eHTUdIKaIi Moaemi
(2.5), Tpeba mpoBecTH creniaJbHUN €KCIEPUMEHT, B IKOMY 4Yepe3 MEBHI 1HTEpBAIU
4acy MPOBOJUTHCS BUMIPIOBAHHS TEMIIEPATypU PIIUHU.

Ocki1bKY piBHSHHA (2.5) MOKHA IPEACTABUTH Y BUTJISII

In[(tnoq B tHOB )/(tKIH - tHOB )] = TF/mC | (25’)

TO JJIs1 3HAXO/IKEHHS O 32 €KCIIEPUMEHTAIbHUMHU JaHUMU OCTAHHI CI1J] IPEICTaBUTH
y BUTJISLIL 3aJI€KHOCTI

Y =aX, (2.6)

Jc

Y = In[(trmq _tHOB )/(tKlH _tHOB )]’ X = TF/mC' (27)

Toni kyroBuii koedimieHT piBHIHHS (2.6) 1 IpeACTaBISTUME COOO0IO L.

B Tabn. 2.1 1 Ha puc. 2.1 HaBeleHI €KCIIEPUMEHTAJIbHI J1aHl 1 pe3yJbTaTH iX
00poOKM y BIAMOBIIHOCTI 3 BUpazamu (2.6) 1 (2.7) nns HACTYNHHX YMOB: Maca
pinuHu (Boau) M = 2,011 xr, moBepxHs TemiooOminy F = 0,112 M, tos = 15 0C,
toy = 98 OC, TerIoeMHICTh pinau ¢ = 4200 Jhx/xr-K.

Tabmug 2.1 — ExcnepuMeHTanbHi 1aHi Ta iX 00poOka

Newrn | 1,¢ | taw °C X Y XY X2
1 2 3 4 5 6 7
1 0 98,0 0 0 0 0
2 300 | 935 | 3,9781.10° | 5,5742:10% | 2,2175-10° | 1,5825-10°
3 600 | 88,5 | 7,9562.10° | 0,12156 | 9.6716:10* | 6,3301-10°
4 900 | 84,5 | 1,1934.102| 0,17751 | 2,1184.10° | 1,4242-10™
5 11200 | 81,0 | 1,5912-102 | 0,22919 | 3,6469-10° | 2,5319.10™
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[IpomoBxenus Tads. 2.1

1 2 3 4 5 6 7
6 | 1500 | 77,5 | 1,9891-102 | 0,28367 | 56425-10° | 3,9565.10™
7 | 1800 | 745 | 23869-10°| 0,33286 | 7,9450.10° | 5,6973-10™
8 |2100 | 72,0 | 2,7847-102 | 037579 | 1,0465-10° | 7,7546.10™
9 | 2400 | 69,0 | 3,1825.10% | 0,42986 | 1,3680-102 | 1,0128-10°
10 | 2700 | 66,5 | 3,5803-10% | 0,47726 | 1,7087-102% | 1,2819.10°
5 0,1790 2,4834 6,1774-10° | 4,5103-10°
Ceper. 0,0199 0,2759 0,006864 | 0,0005011

002 503 0% X

g 367

Pucynok 2.1 — 3anexHicts Mik X 1 Y

Ax BugHO 3 puc. 2.1, 3amexHicTh MK X 1 Y OIMCHO € MPSIMOJIIHINHOIO, 10
CBITUUTH PO aI€KBATHICTh OJEP>KAHOI MOJENI, CTAIICTh MapaMeTpa o 1 JTOCTaTHbO
BHUCOKY SIKICTh €KCIIEPUMEHTY.

Ha mizmcraBi oTpuMaHuX JaHUX BEIMYMHY O MOXKHAa BU3HAYUTH MemoOOM
cepedHix abo memooom HavmeHuiux keaopamis (MHK).

Meton cepenHix 0a3yeTbCs Ha MNPUMYIICHHI, 3T1IHO 3 SKUM JIOJATHI
BIIXWJICHHS EKCIIEPUMEHTAIBHUX 3HA4YeHb (YHKIIT Y TOBHICTIO KOMIICHCYIOTHCS
B1JI’ €EMHUMH BIIXWIEHHIMH:

(Y, —aXy)+ (Y, —aXy)+...+(Y, —aX,)=0, (2.8)

e Yy, Ys,...,Y,, — eKClIepUMEHTaNbH1 3HaUeHHA Y
oXq, oX,,...,0X,, — TEOpPEeTU4Hl1 3HA4eHHs Y y BIAMOBIJHOCTI 3 BiALIYKYBaHUM

pIBHSHHSM (2.6).
3rigHo 3 BUpazom (2.8)
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ZY —OLZXI,OL ZY/ZX (2.9

[TominuBimy piBHSHHS (2.9) HA YUCIIO CITOCTEPEKEHB N, OACPKYEMO:
Y =aX; (2.10)
a=Y/X, 2.11)

ae X iY — cepe/IH1 3HAYCHHS BIJIMOBITHUX MapaMeTpiB.

TakuM 9MHOM, B yMOBax, IO PO3IJISAAIOTHCS, 3TIHO 3 BUpaszoMm (2.11), mis
BU3HAUEHHS 1ACHTU(IKALIAHOrO MapameTpa oL 3a METOJOM CEpelHIX Tpeda cepeHe
3HaueHHs QYHKIT Y TOMUTUTH Ha CEpeTHE 3HAUCHHS apryMeHTa X.

3a MM METOJIOM Ui YMOB ekcnepumenty o = 2,4834/0,179=139 Br/M*K
(muB. Tabm. 2.1).

B ocnoBi MHK nexuTs BuUMOra, 3rilHO 3 KOO CyMa KBaJpaTiB BIIXWICHb
EKCTIEpUMEHTAJIbHUX 3HaueHb Y BiJl TEOPETHYHUX 3HAUEHB I[LOTO MapamMeTpa Mae OyTu
MiHIMaIbHOW. [[1s mboro Tpeda, mo0 mepina MOXiJHA BiJ 3a3HAYEHOI CYMH 10
napameTpy o. JOpiBHIOBaJIa HYJIIO:

(d/dar) (¥ — Xy )P + (Y —aXp V2 oot (Y — X, 2 |=
=-2(Y; —aX )Xy = 2(Y, —aX,)X, —...=2(Y, —aX, )X, =0 (2.12)
I3 piBHsAHHS (2.12) BUXOAUTH, 11O

3BIJIKH
a=3 XY, /X2 (2.14)
[ToninuBium piBHSHHSA (2.14) HA YUCIIO CIOCTEPEKEHB N, OJEPKYEMO:

o= xv/>?2 (2.15)
TobTto myis yMOB 3a/1a4i, 1110 PO3TIISAAAETHCS, KOSDIIIEHT TETIOBI a4l O TIOPIBHIOE

CepEeIHbOMY JTOO0YTKY XY , TIOJIIJICHOMY Ha CepeIHE 3HaUEHHS MapameTpa X2,
3rigHo 3 gannMu Ta6i. 3.1, o =61774-1072/4,5103-10~° =13,7 Br/m?K.
Sx BuAHO, 3HAYEHHS O, OJEp)KaHI pPI3HUMU METOJaMH, MPAKTUYHO

ciiBmanawTh. [lepeBary, omgHak, Ciijl BiJaTH OCTAHHBOMY 3HAYEHHIO O, OCKUIBKH
MHK BBakaeTbcst HaliO1IbIII TOYHUM METOIOM.

MarteMaTH4YHA MOJeJIb OXOJIOAKEHHSI PIAKOT0 MeTaly B JUBapHii ¢opmi.
OpepkaHa B TMOMEpeAHIM IyHKTI MaTeMaTHYHAa MOJETb MOXE XapaKTepu3yBaTH
OXOJIOJIKEHHS P1JIKOTO METaly B TUBApHii Gopmi. Ane 1ist 1boro, mo-nepiue, Gopma

13



Mae OyTH «TOHKOIO» y BHIJISAl, HANpHUKJIaA, TOHKOCTIHHOTO KOKIIS 1, MO-ApYTE,
e(eKTUBHE 3HAYCHHS BEJIWYMHU O HEOOXIJHO 3HAWTH, MPOBIBIIM BiAMOBIIHUMA
EKCIIEPUMEHT 1 0OpOOUBIIIH HOTO JIaHi.

OpneprkaHi Ha TaHWUW 9ac pe3yJbTaTH JOCIIKEHb TEIIOBOI B3aEMOII METaTy 3
JUBApHOIO (POPMOIO MAIOTh BEJIMYE3HE HAYKOBE 1 MPAKTHUHE 3HAUCHHS, OJTHAK BOHH
HE BHpIUIYIOTH MPOOJIEeMy B MOBHOMY 00Cs31, 00 TEOPETHUHI OCHIKCHHS 4Yepes
CKJIQJIHICTh 3a/Ja4, BUABHIMCH TPOMI3IKHMMH 1 CTOCYBaJUCh, B OCHOBHOMY, TLI
MPOCTOI TeOMEeTPpUYIHOT (HOPMHU, a MPAKTUYHI PEKOMEHIAIIT YaCTO OOMEXYBAIHCH TaK
3BaHMM 3aKOHOM KBaJpaTHOI'O KOPEHS, 3T1JIHO 3 SIKMM TOBIIMHA IIapy MeTaly, L0
3aKpUcTaNi3yBajacs, IpsMO MPONOPLIHA KOPEHIO KBAJAPAaTHOMY BiJl 4acy TBEpAIHHSL.
Taki criBBIHOIIEHHS OyJIM HEIOCTATHBO 3PYYHUMH JUI NPAKTUYHOTO BUKOPHUCTAHHS
yepe3 HEBM3HAYCHICTh B 0araTb0X BHUIMAJAKaX KoeillieHTa MPOMOPIIIHHOCTI
(koedilieHTa TBEpPAHECHHS), SKUM MpeACTaBiIse €000 IO CyTI 3BUYAWHUN
«KOoe(DILIEHT HE3HAHH» B TEOPETUKO-CTATUCTUYHUX YU CTATUCTUYHUX MaTeMaTHYHUX
MOJIETISIX.

[ToOynyemMo TeopeTHyHy MaTeMaTHYHy MOJENb JUHAMIKKA OXOJIOKEHHS
MeTajay B HINIAHOTJIMHUCTINA (opmi, sSKa 13 3aJ0BUIBHOIO TOYHICTIO J103BOJsuIa O
pO3paxyBaTu TEIJIOOOMIH MK OyAb-SIKUM JIMBAPHUM CIUIABOM 1 (POPMOIO BiJ KIHIIS
3JIMBKY 10 MOMEHTY BUOMBKH BIJJIMBKA 13 POPM.

CkopucTaeMocsi TPEACTaBICHUM, HANPUKIAL, PO3B’SI3KOM 3ajadi  II0JI0
HECTalllOHAPHOI TEIJIOMPOBIIHOCTI Kpi3b HAMIBOOMEXKEHY IUJIOCKY CTIHKY TpHU
IPAaHUYHUX YMOBAX MEPIIOTO POAY, XapaKTEePHUX JIJISl KpUCTaII3alli YUCTUX METAIIIB
a00 €BTEKTUYHMX CIUIaBIB B MIIIAHOMIMHUCTHUX (hopmax:

U
Lot 2 Tevqu, (2.16)
t,—t, Jmo,

ne t — crana TreMiepaTypa Ha FpaHHIl «MeTan-(popMa»,OC;

t, — Temmeparypa popMu nepes 3aTMBKOXO, °C;

t — 3MiHHa TemmepaTypa hopMH Ha BiAcTaHi x Bix rpanuii «Metan-popmay, °C;

U — O0e3po3mipHa KOMIUJIEKCHa 3MiHHA, SKa BHU3HAYA€ThCs 3a (HOPMYIOIO
U= X/ 2/t i B sKiif T — yac B1JI MOYATKY OXOJIOKEHHS, C;

U, =0 — 3HauenHs komIuiekcHOi 3MiHHOT U Ha rpanuii «metan-gpopmay, ae x = 0.

[Ipomec TemmoBoi B3aeMoii MeTaiy 1 (popMu MOKHA YMOBHO PO3OHTH Ha TPH
nepionu: 1)3HATTS TEIUIOTH MEPETPiBY METaly; 2)TBEPIIHHS METAy; 3)0X0JI0HKEHHS
BIJIJTUBKA IO MOMEHTY HOTO BUOMBAHHSI.

TBepaiHHS YUCTHX METAJIB 1 €BTEKTUYHUX CIUIABIB BIIOYBAETHCS, K BIJIOMO,
npu craimiid Temneparypi. Ko » A0 TOro BpaxyBaTH ILie ¥ Ty OOCTaBUHY, IIO
TEIUIONPOBIHICTh HEMeTaleBOi (GopMu Habarato MeEHIA 3a TEIUIONPOBIIHICTh
MeTajy, TO CTAaHOBUTHLCS 3pO3YMUIMM, 110 YMOBU Ha TpaHulll “‘MeTtan-hopma’” mij yac
TBEPJAIHHS MeTajly, NMPU HABHOCTI 1/I€aJIbHOTO0 KOHTAKTy MK MeTajioM 1 ¢hopmoro,
oy)Ke OJu3bKi JO0 YyMOB 3ajladyl HECTaIllOHApHOi TeIJIONPOBIAHOCHTI  Kpi3b
HamiBOOMEXKEHY IUIOCKY CTIHKY HpH TpaHMYHHMX YMOBax mnepuoro poxay. Orxe,
MOXHA BBaXkaTH, 10 piBHAHHA (2.16) 3 MOCTaTHROIO TOYHICTIO XapaKTEPHU3yeE
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TEMIIEpaTypHE TMOJIe JUBAapHOi (popMH mMix Yac TBEpIIHHA MeTaly, SKIIO IOro
MoyaTKoBa TemIeparypa (TeMmreparypa 3aJMBKH) JOpIBHIOBAJa TeMIlepaTypl
KpHcTai3alii MeTaixy, TOOTO SKIIO NEPIIUA Mepio]l BBAXKATH B1JICYTHIM.

B peanpHux yMoBax MaroTh MicCIle BC1 TpU BKa3aHi MMEPi0y TEIJIOBOT B3a€MO/IIT
MeTay 3 (GopMOr0, IPUUYOMY B TIEPIIUH 1 TPETIH Mepioau TeMIieparypa MeTaly 1, K
HACIIOK, TeMIlepaTypa Ha TrpaHulll ‘“meTran-¢popma” Oe3nepepBHO 3MEHIIYIOTHCS,
OTXKE, CTPOro KaKy4H, piBHSIHHS (2.16) mis nux mepiofiB HempuaaTHe. Aje MOXKHA
YMOBHO NPUKHATH, 10 XapaKTep B3a€MO3B 3Ky MIXK 1, X 1 T, AKHIl BCTAHOBIIOETHCS
piBHSHHAM (2.16), 30epiraeTbcs TaKoX I TMEPIHIOTO 1 TpeThoro mnepiodiB. Toi
3 ABJISIETBCSI MOKJIMBICTD OJiepKaTu (GOpMYIH IJisi PO3PaxXyHKY TPUBAJIOCTI BCIX
TPHOX BKa3aHUX MEPIOJIIB MPOIIECY:

1) 3HATTS TEIUIOTH MEPETPIBY METaTy; 2) TBEPAIHHS METaly;

3) oxon0KEHHS BIITTUBKA Y (hOpPMi 10 MOMEHTY MOTO BUOMBKH.

Po3B’si3aHHS  mOcTaBiieHOi 3adadi  0a3yeTbcsi Ha BHU3HAYEHHI TyCTUHH
TEIJIOBOTO MOTOKY (] Yepe3 rpaHUuHy MOBEPXHIO ‘“‘MeTan-hopma”. 3Hat0uu (|, MOXKHA
BU3HAYUTH 4Yac, HEOOXIHUW NIl BIJBEACHHS BIJ METaly TI€l UM 1HIIOI KUIBKOCTI
TEIUIOTH.

['yctHa TEmIOBOro IOTOKY XapakTepu3yeThCs 3akoHOM Dyp’e, gkuM s
YMOB HaIoi 3a/1a4i Ma€ TaKUi BUTIISL

q = —\(0t/0x) (2.17)

ne A — Koe(ileHT TeronpoBiIHOCTI MaTepiany popmu, Bt/m K,
VY BignoBigHOCTI 10 (2.17) nudepentiitoemo (2.16) o x:

_— 2 » oU
n -U

= — 2.18
Oox \/Ee Oox ( )

3 ypaxyBaHHsM criBBigHomeHHs U = x/2+/at maemo:

1 a2 51

t,—1, ox n 2Jat’

ot 2 —— 1
— _ t _ t e dat . _ 219
ox ( moe )\/ T 2+ art ( )
[MiacraBasiemo (2.19) y (2.17):
}\’(tn - t(b) 2
=———"expy x“/4at 2.20
4= pl x*/4ar) (2.20)

PiBusanas (2.20) xapakTepusye T'yCTHHY TEIJIOBOTO IOTOKY Ha OYIb-sIKiii
BIJICTaH1 BiJl BHYTPILIHBOI MOBEpXHI (GopMU. 3 IIbOTO PIBHSIHHS BUIIHO, IO TPH T = CONSt
IrYCTHHA TEIUIOBOTO MOTOKY TUM MeEHIIa , yuM Oinbmie x. HaiiOinpina BoHa Ha
BHYTpILIHIN moBepxHi hopmu, ae x = 0:
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On = ;\‘(tn' t(b)/M (221)

OCKUTBKH KOC(IIIEHT TeMITepaTyponpoBigHocTi popmu a = Alpc, ne A, pic —
BIJIMOBIAHO, KOE(ILIEHT TEIIONPOBIIHOCTI, rycTHHA 1 TEIUIOEMHICTh Marepiary
dbopmu, piBHSIHHS (2.21) MOXKHA TTPEICTABUTH Y BUTIISIL

On = (ta— ty)/ v/t (2.22)

ae b =./Apc - KoedilieHT TepMOIHEPIIii POPMH, KU XapaKTePH3Ye 3AaTHICTh HOPMH
IPOBOJUTH TCIUIOTY: UMM Oljbiie D, TuM, y BimnoBigHOCTI 3 (2.22), Gibiie 1 .

TpuBanicTh nepiogy 3HATTS TEIUIOTH NEPETPIBY

HudepeHnuianbHe pIBHAHHSI NPOLECY OXOJODKEHHS MeTaly MpH 3HATTI
TEIUIOTH MEPErpiBy Ma€ TaKU BUTIISL:

mpCpdt = g, Fdr, (2.23)

ne M, i C, — Maca 1 TEIJIOEMHICTH pigKoro Meramy; F — moma BHYTpilIHBOI
TEIIOCTPUNMAIOYOi MOBEPXHI (POPMHU.

3Hak “MiHyC” y JiBI 4YacTHHI pIBHSHHS (2.23) MOSICHIOETHCS THUM, IO TPH
0X0JI0/pKeHH1 dt — Bij’eMHa BeJIMYMHA.

[MincraBnsiemo (2.22) y (2.23):

bF (1, 1)
— mpcpdt = Td’f (224)

3riHo 3 onepeaHIM puitmaemo t; = t.
3ammcaBmm dt sk d(t — t;) i BimokpemuBIIM B piBHSHHI (2.24) 3MiHHI,
OJICPIKYEMO:

ted(t—t Y de
wd(t—ty) _ bF Iar (2.25)
t—tq)

mpcp TO

I3

[TpoinTerpyBaBim piBHAHHSA (2.25) BiX Ty = 0, kom t = t, (t, — Temnepatypa

3aJIMBKU METAIy), 10 Ty = T1 (T1 — TPUBATICTD MEPIOLy 3HATTS TEILUIOTH MEPETPIBY),
ko t =t (t, — TemmepaTtypa KpucTaiizaiii MeTany), OJAepKYEMO:

t,—t 2 bF
In—>—%=~. JT (2.26)
tK _t(b \/E mpCp
3BIJIKH
t—t, Y
m,c, In 0
ZI( _t(b

(2.27)

T, =
bF

Sk
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@opmyna (2.27) 1 € BIOUIYKyBaHUM BHpPa3oM MJsl PO3PaXyHKY TPHUBAJIOCTI
Tepioy 3HATTS TEIUIOTHU HeperpiBy. Ii MOKHA NPEICTABUTH B JIEIIO iHIIOMY BUIJIALI,
SIKIO 3pobuTH miacTaHoBKH: 2/~/1=1,1284 i m, = Vp, ne V i p, — 06’eMm i rycTuHa
PIIKOTO METamly:

= ——pc >t L 2.28
17| 112847 Tt 1, F (229)

3rigro 3 M. M. XBopinoBuM, BenwuuHa V/F Ha3sWBaeTbCS NPHUBEIEHOO
TOBIIIMHOO B1JINBKA.

3aranpHa TPUBATICTH MEPIOIB 3HATTS TEIUIOTH MEPETPiBY

1 TBEpPAIHHS METAILy
HudepenuianbHe piBHAHHS MpoLiECy TeIionepenayl Big metany 10 (Gopmu B
neploJl TBEPAIHHS MA€ TAKUW BUTIISIA:

o bF 1) dr
NEEEN

(2.29)

ne | — Temmora kpucramizamii metanmy; dm — KUIBKICTH PIAKOTO METaly, KU
3aTBepiB 3a vac dt.

[aTerpyBanHs piBHIHHS (2.29) TPOBOIUMO BiJl Tyoq = Ty, KO M, = 0, 110 T4y = T2
(T, — MOMEHT 3aKiHYCHHSI TBEPIIHHS), KOJIU M, = M.

[Ticns inTerpyBanus (2.29) oaepryemo:

C 2 bFl-ty) —
m=r (Ve ) (2.30)

[

3BIIKH

NN L (2.31)
~bF(t, ~1,)
Jx

3 ypaxyBaHHsM (2.28) 1 BUIIEBKA3aHUX CHIBBIHOIIEHD 2/ Jr=1,1284im= Vp., ne
Vi p,—00’eM 1 I'ycTUHA TBEPJOTO METaIY, OJCPKYEMO:

2
t, ~t
T, =| ———| p,C, IN + — .
T L 2.32

CkopuctaBimiuch piBHAHHAM (2.32), MOXHa BHU3HAYUTH dYac BiJI IOYATKY
MEepIIoro J0 3aKiHYEHHS JAPYroro nepiogy, a BIIHSBIIN BiJ T, TPUBAIICTH MEPIIOTO
nepiojy Ty, BU3HAUNUTH Yac TBEPAIHHS.
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Tpusanicts nepedyBaHHS MeTaly B IUBapHiN (hopMi
JudepeniiaabHe piBHSIHHS MPOIECY TEIUIOBiAAadi Big MeTany A0 (GopMH B
Mepio/T OXOJIOKCHHS METaTy IMICIs 3aKIHUCHHSI TBEPAIHHS 0 BUOMBAHHS Ma€ TaKUHA
BUTJISI

bF
—m.c.dt=——\t, —t, Mdrt, 2.33
T \/E(n (b)d ( )

1e m; 1 ¢, — Maca 1 TeIIOEMHICTh TBEPJIOTO METAITY.

VY BIANOBIAHOCTI 3 MOMNEpeaHIM OyaeMO po3risfaaTu t, Sk 3MIHHY BEJIUYHUHY,
sSKa JOPIBHIOE TEMIIEpaTypl MeETaly, IO OXOJIOMKYEThCSA. 3 ypaxyBaHHSM IIhOTO,
B1JIOKPEMUBIIIU 3MiHHI1, piBHSHHSA (2.33) NpeACTaBISEMO Y BUTIISIL:

t—t, mec,Jrot

_tjed(t—tcp) bF ’fdr (2.33)

tK

[aTerpyBanHs piBHSHHSA (2.33) TIPOBOAUMO BIJT Tyoq = Tp, KOMH t = L, 710 Ty = T3
(T3 — cymMapHa TpHBAJIiCTh TPHOX IepioiB), koyu t = t, (t, — TeMnepaTypa BUOMBaHHS
BiyUBKA 13 ¢opmu). Ilicas iHTerpyBaHHsA 1 IEPETBOPEHD OACPKYEMO PO3PAXYHKOBY
hopmyy:

2
t,—t r —1
T, = L PoC,y In— v, Pl +p,c, In =2 Y (2.34)

CknaBmu 1 poO3B’sA3aBUIM JU(epeHLiaNbHl PIBHAHHA TEIUIOOOMIHY MIX
MeTajaoM 1 GOopMOIO JIJIsi KOKHOTO 13 BHUIIE3a3HAUYECHUX TPHOX MEPIOAIB, OAEPKYEMO
HacTyrHi (GOopMyIH ISl PO3paxyHKy TPUBAJIOCTI MEPIIOrO MEpioay Ty, MEPIIOro 1
JPYTOTO MEPIOAIB T, 1 BCIX TPHOX MEPIOJIIB T3:

2
1 t—t, v
T, =| =P,y IN — 2.35

: [1,1284bppp -t F] (239

2
t, -t
Ty =| ——=——| p,C, IN- LI p.l IV ; (2.36)
2
t, -t t -t
T, = 1 poCy N2 A +p,C, In=—2 V. (2.37)

ne t;, t, ty 1 t, — TemmepaTypu 3aNMBKM 1 KpHCTaji3alli, a TaKoX NOYaTKOBa
) 0
Temmeparypa Gopmu i Temneparypa BubuBku, C;
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Pps Pr — T'YCTHHA, kr/mM°; a Cp 1 ¢y — TEIUIOEMHICTB PIAKOIO 1 TBEPAOIO METANYy,
Jhr/krK;

| — muToMa Ternora kpucranmizamnii Mmetany, JHK/K;

V — 06’em MeTaiy B hopmi, M;

F — [OBepXHs TEII00OMIHY MiX MeTaIoM i (hopMOr0, M*;

V/ F — npuBeeHa TOBIIMHA BiIJIKMBKa (32 XBOPIHOBUM), M.

3ayBaxxumo, 10 3rigHO 3 Gopmysor (2.36) Mk HPUBEACHOI TOBIIMHOIO
BIJIJIMBKA 1 KOPEHEM KBaJIpaTHUM BIJl 4acy KpHCTaji3allii iCHye IpsMO MPpOomopiriiiHa
3aJIe)KHICTh, TOOTO MiATBEPIKYETHCS 3aKOH KBaIPATHOTO KOPEHS, aje i3 CyTTEBOIO
PI3HHUIICIO: Y BHUpa3l 3BHYAMHOrO 3aKOHY KBaJIpaTHOI'O KOpPEHS KoediIlieHT
IPOMOPIINHOCTI, K 3a3HAYAJIOCh BHINE, € «KOC(IIIEHTOM HE3HAHHs», TOMAl K 3a
dhopmyioro (2.36) BiH Mae 9iTKHi (hI3UIHUN 3MICT.

[Mpuknan. Po3paxyBatu T3 11 TaKMX yMOB: (popMa MIIIaHOTJIMHUACTA, METAIT —
yaByH, t, = 1330 OC, pp = 6950 Kr/m°, cp, = 838 Ix/kr-K, b = 1377 I[)K/Mz-K-Cllz,
¢, = 672 Ila/xrK, t = 1200 °C, t, = 500 °C, t,, = 20 °C, | = 215000 JTx/xr, p, = 7200 Kr/vt’,
BiIMBOK — HpmiHap miamerpom 0,05 M i nossxuroro |, = 0,3 M, omxe V/ F = nur® 1/2nrl, =
=r/2=0,0125 m.

Po3B’s3anns. [ligcraBnsemo npuBescHi qaHi y popmyiy (2.34):

- 1 (6950-838In1330_20 N 7200-215000Jr
11284 -1377 1200 - 20 1200 - 20

2
+7200-672 In%j . 0,0125} =50,5? =2546c=42x8=0,71rox,

1110 33JI0BUJIHO Y3TO/IKYETHCS 3 EKCIIEPUMEHTAJIbHUM 3HAUYCHHSIM T3 = 45 XB.

2.2. KoHTpOJIbHI 3aINTAHHS

1. ITopsimok MOOY10BH 3MIIIAHOT MATEMATUYHOT MOJIETI.

2. XapakTepuCTHKa METOMIB iMeHTHdIKalil TEOPETHUKO-CTATUCTUIHUX
MOJICJIEH.

3. [Ipuknaau noOya0BH KOMOIHOBAHMX MAaTEMAaTUYHUX MOJENEH.

2.3. 3aBaaHus

[ToOynyBaTH TEOPETUKO-CTATUCTUYHY MaTEMaTUYHy MOJENb OXOJIOKCHHS
BOJM, IO 3HAXOJWUTHCS B METaNEBi mocyauHi. 3 MeToro imeHtudikamii mMomeni
MIPOBECTH BIATIOBIAHUI JTa0OpaTOPHHUI €KCTIEPUMEHT. BU3HAUMTH, B SIKOMY BUIAJIKY
dbopma ozmepkaHol B aHiii poOOTI MaTeMAaTHYHOI MOJIEII MOXKE OyTH TIPUAHSTHOIO IS
MPOIIECY 3HATTS TEIUIOTH MEPErpiBy METay B IMBapHii Gopmi.
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JIABOPATOPHA POBOTA Ne 3

MOBYJIOBA CTATUCTUYHUX MATEMATUYHUX MOJEJIEHA
3A JAHUMMU TACUBHUX EKCIIEPUMEHTIB

Merta po6otu — IloOymyBaTu CTaTUCTHMYHI MaTeMaTU4YHI MOJENI 3a JaHUMH
MACHMBHUX CKCIICPHMECHTIB

3.1. 3araabHi BizomMocTi

OOpoOka JaHHWX MACHUBHOTO EKCIEPHUMEHTY 3 METOI0 MOOYIOBH BiAMOBIAHOT
MozeNl 3AeOUTbIIOr0 MNPOBOAUTHCS NPH BUKOPUCTAHHI KJIACUYHOIO METOIY
perpeciiitHoro aHami3zy [1-6], B OCHOBI SKOTO JICKHTHh 3TaJlaHuii METOJI HAaWMEHIITHX
kBajgpatiB (MHK). Lleit MeTon Hamae MOXIIMBICTD 3HAXOAUTH KOC(IIIIEHTH MO, SIK1
3a0e3MeuyoTh HalKpallle Y3ro/DKEHHS EKCIEPUMEHTAIbHUX 1 MOJEIbHUX 3HAYCHb
BijnoBiiHOTO Napametpa. Kpim MHK, MoXyTh BUKOPHUCTOBYBATHUCH 1 1HIII METOIH.

IHo0ynoBa niHiiHUX 0AHOGAKTOPHUX MO/IeJIeH

BukopucranHs Meroay HaliMEHIIMX KBAJApPATiB NPU MOOYAOBI 3aJIe’KHOCTI
THIIy Y = ay + aX. Y BUIAAKY, KOJIM MOJEINb BIAIIYKY€EThCA y popmi Y =a, +ax 3a

METOJIOM HaWMEHIIUX KBaJApaTiB, SK 1 paHilie, Ji€ BUMOTa, 3TITHO 3 SKOK CyMa
KBaJpaTiB BIIXWICHb EKCIEPUMCHTAIIBHUX 3HAYCHb BUXITHOI BEIMYMHM BIJ il
MOJICNIbHOTO 3Ha4YeHHs Mae Oyt MiHiManbHO. [llo0 3Haiitu Bupasm mns
PO3paxyHKy KOe(IIll€HTIB g 1 @, CIOYATKY 3aIMCYyEMO BUpPA3 JJIs 3a3HAYEHOI CyMHU:

2(Ay; ) =[y, —(ag + axl)]2 +y, —(ag +axy)f +...+ [y, —(@g +ax, F,  (3.2)

ae X1, Xo,..., X, — eKCTIEpUMEHTAIIbHI 3HAYCHHS HE3AJIeKHOT BETMYMHH X;
Y1, ¥Y2,.-., Yy — BIANOBIHI €KCIIEPUMEHTANIbHI 3HAYCHHS 3aJI€KHOI BEJIMYUHH

N — KUIBKICTh CIIOCTEPEIKEHbD.
Cyma (3.1) Oyme MiHIMQJIBHOK TOAI, KOJW TEpIIl YaCTUHHI TOXIJHI BiJ
¢ynkuii (3.1) mo ag 1 a 6y1yTh TOPIBHIOBATH HYJIIO:

ox(Ay; ) /8a0 =—2[y; — (8o +axg)] - 2[y, —(ag +ax, )] ... -
=2y~ (a0 +ax,)|=0  (32)

ox(Ay; )’ /8a =—2[y; — (8 +axg)]x —2[y, —(ag +ax,)Jx, —... -
2lyn — (a9 +axy )x, =0 (3.3)

PiBusans (3.2) 1(3.3) micas nepeTBOpeHb MOYKHA MPEICTAaBUTH Y BUTIISII:
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2Yi =Nag+ax.X; (3.4)

XY =8 XX Fayx . (3.5)

Jlns toro, moO po3B’s3aTu cucteMy piBHAHB (3.4) 1 (3.5), mepiie 3 HUX
MHOXXHMO Ha ) X; , a Ipyre — Ha N:

T XY =nag XX +a(Xx ) (3.6)
N> Xy, =Na, Y. x, +naX. x . (3.7)

Binnimaemo Bix pirsans (3.7) piBuss (3.6):
nY %Y - xSy =any e - (Xx)2 (3.8)

I3 piBHsiHHS (3.8) 3HAXO0AMMO BUpPA3 Il BU3HAUYECHHS KyTOBOTO KoeillieHTa:
a=(xy 2% Xy,)/hZx -(Zx ) (3.9)

PozninuBimm npaBy dacTuHy piBHsAHHA (3.9) Ha KBaapar 4ucia CIOCTEPEKEHb
2 . iy
N°, 0Aep>KUMO OUIBII KOMITAKTHY (pOpMy BUpa3y Il KyTOBOTO KOe(ILi€HTa:

a_(ﬂ— xiyij/(xiz ~(x )2), (3.10)

JIe BeJIMYMHU I11]1 PUCKOIO € BIJIMOBIIHUMU CEPEAHIMU BETUUHMHAMMU.
[TpunycTuBImM, 1O ampoKCHUMAIliiHA MpsiMa MPOXOJIUTHh 4Yepe3 ILEHTPAIbHY
TOYKY 3 KOOpAUHATaMH X; 1 Y;, MOXKEMO 3arnucaTi

yi = aO + a)_(i y (311)
3BIIKH OZIEPKYEMO BUPa3 JIsl 3HAXOKEHHS KoedilieHTa a; !
ao = yi - a)_(i . (312)

@opmyny (3.11) moxHa onxepxkaTu 3 piBHAHHS (3.4), MOAUIMBIIM MOTO Ha
KUTBKICTh criocTepekeHb N. lle, mo peui, o3Hauae, mo piBHAHHA (3.4) € YMOBOO
MPOXO/HKEHHS BIIUTYKYBaHOT MPSAMOI uepe3 BUIlle3a3HaYeHY [IEHTPaIbHY TOUKY.

Hpuknan. 3HaiiTH 3a1€XKHICTh MIITHOCTI CIpOTO YaBYHY Ha 3THMH B BMICTY
BYTJICI[IO Y YaBYHI 3T1JIHO 3 JaHUMHU, MpeACcTaBIeHuMH Ha puc. 3.1 1 B Tabm. 3.1.
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Pucynok 3.1 — 3anexHicts 6 Bix [C]

[cl%

Ta6muig 3.1 — O6poOka ekcriepruMeHTaIbHUX JaHUX y BianmoBigHocti 3 MHK

] & < O
N | 23| 2 <3 | £
o Sz = 2 9 No 5 ~ 2 2
oo | 2 = y Xy X =S g y Xy X
\%g 5 /1 \%g 5
= ) = ~
1 2 3 4 5 6 7 8 9 10 11 12
1 3,40 | 41,6 | 1730,56 | 141,44 | 11,56 16 3,12 475 | 2256,25 | 148,20 | 9,73
2 3,40 | 41,0 | 1681,00 | 139,40 | 11,56 17 3,44 39,4 | 1552,36 | 135,54 | 11,83
3 3,48 | 44,1 | 1944,81 | 153,47 | 12,11 18 3,24 36,7 | 1346,89 | 118,91 | 10,50
4 3,56 | 37,0 | 1369,00 | 131,72 | 12,67 19 3,52 38,6 | 1489,96 | 135,87 | 12,39
5 3,60 | 415 | 1722,25 | 149,40 | 12,96 | 20 3,56 37,6 | 1413,76 | 133,86 | 12,67
6 3,56 | 41,3 | 1705,69 | 147,03 | 12,67 | 21 3,48 39,4 | 1552,36 | 137,11 | 12,11
7 3,40 | 48,0 | 2304,00 | 163,20 | 1,56 22 3,60 39,2 | 1536,64 | 141,12 | 12,96
8 3,32 | 61,0 | 3721,00 | 202,52 | 11,02 | 23 3,12 49,5 | 2450,25 | 154,44 | 9,73
9 3,56 | 32,6 | 1062,76 | 116,06 | 12,67 | 24 3,48 38,7 | 1497,69 | 134,68 | 12,11
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[Tponorxenus tadm. 3.1
1 2 3 4 5 6 7 8 9 10 11 12
10 | 3,60 33,3 | 1108,89 | 119,88 | 12,96 25 3,20 458 | 2097,64 | 146,56 | 10,24

11 | 3,60 | 33,0 | 1089,00 | 118,80 | 12,96 | 26 3,08 42,5 | 1806,25 | 130,90 | 9,49

12 | 3,52 | 38,0 | 1444,00 | 133,76 | 12,39 | 27 3,60 40,2 | 1616,04 | 144,72 | 12,96

13 | 3,64 | 33,0 | 1089,00 | 120,12 | 13,25 | 28 3,60 40,5 | 1640,25 | 1458 | 12,96

14 | 3,40 | 32,3 | 1043,29 | 109,82 | 11,56 | 29 3,48 42,8 | 1831,84 | 148,94 | 12,11

15| 3,36 | 45,0 | 2025,00 | 151,20 | 11,29 | 30 3,32 58,3 | 3398,89 | 193,56 | 11,02

> 103,24 | 1239,4 | 52527,3 |4248,01 (356,03

Cepen. | 3,4413 41,3133 | 1750,91 | 141,60 |11,867

Po3p’si3anns. BukopucroByroun mani Tadia. 3.1, 3a dopmynamu (3.9) 1 (3.12)
3HaXOJIMMO MapaMeTpu a 1 a,:

a=[(30-4248,012)—(103,24- 1239,4)]/(30 .356,03—103,42 ): —23,09;

apy =41,3133+ 23,09-3,4413=120,77.

OTxe, 32 METOJIOM HaiMEHIINX KBAJPATIB OJIEP)KYEMO HACTYIIHY 3aJI€KHICTb!

6 =120,77 - 23,09 [C] xI/mm° (3.13)

PiBusinusa (3.13) cniBmagae 3 BUpa3oM, SIKHM OJIEPKYEMO TIPH PO3PaXxyHKY Ha
I1K 3a cTaHmapTHOO MIPOrPaMoro.

3rigHo 3 piBHAHHM (3.13) npu 301IbLIEHH] BMICTY BYTJIELIO B CIpOMY YaBYHI
MIIIHICTh HOTO Ha 3TUH 3MEHIITYEThCSI.
BukopucTranHs MeToy cepeaHiX Npu Mo0yA0Bi 3aJIesKHOCTI THITY Y = a, + aX.

OneprkaHHS 3QJIKHOCTI THUITY ¥ = ax IIMM METOJOM IOKa3aHO B JIabopaTOpHii poOOTi
Ne2. fAxmio »x MaremMaTH4HA MOJEIb BINIIYKYEThCS y BUTISAII Y =a, +ax, TO MacHB

JTaHUX pO30MBAEMO Ha JBI MPUOJM3HO OJHAKOBI YacTUHU (quB. puC. 3.1), M1 KOKHOT
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3 IKUX BU3HAYAEMO KOOpAMHATHU cepeHix Touok X', ¥’ 1 X", y". [dani 3a hopmyroro
(3.11) omepskyeMO CUCTEMY ABOX PIBHSIHB 3 IBOMa HEBIJOMHUMH BEIHUYMHAMU — dg 1 @'

y =a, +ax’; (3.14)
{y" =a, +ax". (3.15)

Binnimaemo piBusiuns (3.14) Big (3.15):

y' -y =a(x"-x'), (3.16)
3BIJIKHM OJICPKYEMO BUPA3 Il BU3HAYEHHS KyTOBOTO KoeillieHTa:
a= (yﬂ_ yl)/()—(”_ )—(I) (317)

KoepimienT a; 3Haxonumo 3 piBHAHHA (3.14) abo (3.15):

a, =y - x[(y" - y)/(x"-x); (3.18)
a, =y -x"[(y"-y)/(x"-x)]. (3.19)

Mpuxaan. 3HafTH METOIOM CepeHiX 3aleKHICTh G =a, +a[C| 3a mannmu
tabs. 3.1.

Po3p’sa3anns. Pezynbratu 30 BUMIpIOBaHb AUTUMO Ha JIBI YAaCTHUHH (JIMB. pUC.
3.1): B mepury BkitouaemMo BuMiproBanss, 1ie [C] < 3,5 %, pemTy 1aHux BKJIIOYAEMO B
APYTY I'pyIy.

3HaxX0IMMO KOOPJIMHATH CEPEIHIX TOYOK:

X'=(34+34+348+34+332+34+336+312+344+324+348+312+
+3,48+ 3,20 + 3,08 + 3,48 + 3,32)/17 = 56,72/17 = 3,3365;
(41,6 +41,0+441+48,0+610+323+450+47,5+39,4+36,7+39,4+495+
+38,7+458+42,5+42,8+583)/17 = 753,6/17 = 44,3294;

X" = (3,56 + 3,60 + 3,56 + 3,56 + 3,60 + 3,60 + 3,52 + 3,64 + 3,52 + 3,56 + 3,60 + 3,60 +
+3,60)/13 = 46,52/13 = 3,5785;

y" =(37,0+415+413+32,6+33,3+330+38,0+330+38,6+37,6+39,2+
+40,2+40,5)/13 = 485,8/13 = 37,3692.

yr

Busnauaemo mapamerpu a i 8y 3a popmynamu (3.17), (3.18) 1 (3.19):
a = (37,3692 -44,3294)/(35785-3,3365) = —28,76 ;

aj = 44,3294 —3,3365(— 28,76) =140,29;

aj = 37,3692 — 3,5785(— 28,76)=140,29.

PiBHsIHHSA perpecii, TAKMM YHHOM, MA€ BUTJISAL:
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o =140,29 - 28,76 [C|xT/mm°. (3.20)

PiBastans (3.13) 1 (3.20) 6:1u3bki ogHEe 10 oaHOTO (AUB. puc. 3.1).

3 MeTOI0 BCTAaHOBJEHHS TICHOTM 3B’S3Ky MIDK MapamMeTpaMd Xx 1
pPO3paxoByeEMO KOEQIIEHT KOpemsiii 3a ofHi€ 13 (GopMyi, MO HABOIAATHCS B
miteparypi [1-3, 4, 6], Hanpukiaz, 3a GopmMyIIor0:

=(NZXYi = 2% 2 Yi )/\/[nzxi2 anyu Ev) J (3.21)

[TincraBnsemo y hopmyny (3.21) mani 3 Tabm. 3.1:

= (30- 4248 012 ~103,24-1239,4)/ /(30 - 356,03 —103,24 |30 - 52527 32 ~1239 4% ) = 0,55

Crning 3ayBaKWTH, MO0 MOAYJIb BEIUYMHU I MOXKE 3MIHIOBATHCh B MeXax
0<r<1. kmio 3B’430K MiX X 1 y BIACYTHiH, TO I' = 0. SKIO X 3B’S30K MIX ITUMHU
BEJIMYMHAMU (PYHKI[IOHAJIIBHHUI, TOOTO TPaHUYHO TICHUH, TO I' = 1. OnepxaHuil HaMu
pe3yabTar (\r\ = 0,55) BKa3ye Ha Te, 1110 3B’ 530K MK MIIIHICTIO CIPOr0 YaBYHY Ha 3TUH

1 BMICTOM B YaBYHI BYIJICIIO MOPIBHSAHO ciaOkuii. [lpuunHa Takoro CTaHOBHINA
MoJISITa€ B TOMY, 110 HA BEIMYUHY G, KpiM [C], YNHATH BIUTUB TaKOXK iHII (aKTOPH,
TaKl K BMICT B ME€TaJll KPDEMHII0, MAPTaHIl0, 1HIINX JIOMIIIOK, a TAKOX 0araTto 1HIINX
HEBpPAaXxOBaHUX YNHHUKIB.

Io0ynoBa ainiliHUX 0ararogpakToOpHUX MoJeJIeil

[TepeBaxkHa OUTBIIICTH O0’€KTIB JOCTIIKEHHS B JIMBAPHOMY BUPOOHUIITBI €
0araro)akTOpHUMHU CUCTEMAaMH, TOMY METOJIU MOOYI0BH CTATUCTUYHUX MAaTEMAaTUYHUX
MojieNiel TakuX 00’€KTIB Ha OCHOBI JIaHMX IMACHBHHX EKCIEPUMEHTIB BUKIIUKAIOThH
HalOUIBIILY 3alIKaBICHICTh Y QaxiBUiB-TMBAapHUKIB. [Ipy moOya0Bi K JIHIHHUX, TaK
1 HemHIMHUX 0araroakTOpHUX MOJeiell HalOlIbIIe 3aCTOCYBaHHS HAOyB METO.
HaMEHIIUX KBaJPATiB.

Buxopucranns MHK. fIkmo maremMatnyHa MOJeib BIAIIYKYEThCS Y Gopmi
PIBHSIHHS

y=2ag+a X +arXy +... 4+ X, (3.22)
ae X1, Xp,..., X, — HE3aJIeKHI 3MiHHI, a CTaJll BEJIMUUHU 8y, 8q,8,,...,d; — BIALIYKYBaHI
Koe(ilieHTH JIHIHHOI MOJIHOMIAIBHOT MOIeN, TO, 3riH0 3 MHK, s 3HaxomkeHHs
koedimienTiB Mmoxaeni (3.22) Tpeba MiHIMIZyBaTHU CyMy KBaJpaTiB pi3HHULb
PO3paxyHKOBHUX (MOJENIBHUX) 1 €KCIEPUMEHTAIbHUX 3HAYCHb ). 3 M€ METOIo,
npoAn¢epeHLiIOBaBIIM 3a3HaUY€Hy CyMy MOCIIOBHO MO Koe(ilieHTax g, dy,...,d 1
NPUPIBHABIIM OJIepKaH1 pe3yJbTaTh A0 HYJIS, MIClsi MEePETBOPEHb MATUMEMO TaKy
cucremy k +1 piBHsHB 3 K +1 HeBlnoMuMu koediuieHtamu a;,i=0,1,2,...,k:
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K k K K
Nag +ay ) Xy +85 0, Xoi ...+ 8 X Xi = 2 Vi
i—1 i=1 i=1 i=1
K L k K K
Qg D Xqj Ay D Xgj Hap D Xei Xoj ... @ 2 Xgi X = D YiXais
i=1 i=1 i=1 i1 i1
K k K, k k
Qg D Xoj T+ 81 D Xgi Xpj Hap 2 X5i ...+ Ay D XoiXyi = 2. YiXai (3.23)
i=1 i=1 i=1 i=1 i1
K k k K, k
g X Xy + 8y 2 Xgi Xy 8o D Xoi X+ A 2 Xk = 2 Vi X
i— i1 i1 i1 i1

KomnaktHa ¢opma po3B’s3ky cuctemu piBHsSHbL (3.23), 3HailjeHOro mpu
BUKOPUCTAaHHI MATPUYHOI alreOpu, Ma€e TaKUW BUTJISI:

A=(XTx) Xy, (3.24)

ae A — BEKTOp BIALIYKYBaHUX KOEQILIEHTIB &, ;

Y — BEKTOp MpaBUX YACTUH CUCTEMH PiBHSHB (3.23);

X — maTpuils, CKJIaJeHa 13 MHOXKHHUKIB, 1[0 CTOATHh MPU KoedilieHTax MoJiiHOMa
(3.22) ay, ay,...,a;

X" — TpaHCIOHOBaHa MaTpuus X.

Bekrop xkoedimientiB A4, 3rimHO 13 Bupazom (3.24), 3HaAXOAWTHCS 3a
CTaHJAPTHUMH KOMIT FOTEPHUMH MPOTPAMaMHU.

[Tpuknan moOy 0B MaTeMaTHYHOI MOJIE MIITHOCTI CIpOT0 YaBYHY G Ha 3THH
y BUIJISI 3aI€KHOCTI o = 8, + a;[C|+ a,[Si]+ a;[Mn], ne [C], [Si] i [Mn] — BumicT y
YaByHi, Y BIJICOTKax 3a Macolo, ByTJICII0, KPEMHIIO 1 MapraHilo, HaBEJECHO B pOOOTI.

Buknagenuit B m1aHOMy MYHKTI croci® BH3HA4YeHHS KOE(DIIIEHTIB PIBHSHHSA
(3.22) € meroauuHO O€3M0raHHHMM, OJHAK NPH 3HAYHIA KUIBKOCTI HE3aJICKHHUX
3MIHHUX BUHUKAIOTh TPYIHOINI PpO3B’S3aHHA CHUCTeMH PiBHSHB (3.23) HaBITH TpH
BUKOPUCTAaHHI MATPUYHOI ajreOpu 1 BIAMOBIIHUX KOMIT FOTEPHUX MIPOrpam.

Buxopucranns meroay izopakTopHux po3pisiB. [laHuii MmeTon € rpaHUYHO
MPOCTUM 1 MAaKCUMaJbHO HAOJMKEHUM IO YMOB IMPAKTUYHOTO BUKOPHUCTaHHS. BiH
3a0e3neuye ofep>KaHHS 3a MPOCTOIO MPOIEAYPOr0 6araropakTOPHUX CTATUCTUUHUX
MaTEMaTUYHUX MOJIEJIEH TOro YW I1HIIOrO 00 ’€KTa JOCIIKEHHS Ha OCHOB1 JAaHHUX
MACUBHOTO €KCTICPUMEHTY.

Inest MmeToy mossirac B HACTYITHOMY.

VsaBiMo €001, M0 B HAIIOMY PO3MOPSHKEHHI € MacHB JaHUX IAaCHBHOTO
EKCIIEPUMEHTY Y BUTJIAMII TaOnmuWIll, B SIKIH TEBHUM CIIOJYYCHHSIM HE3aJICKHUX
3MIHHUX X1, X2, ..., Xk BIJMOBIJAIOTH 3HAYECHHS 3aJIKHOI 3MIHHOT ).

3amaya mossArae B TOMYy, MO0 Ha MiACTaBl LUX JaHUX MiAiOpatu TaKy
3aJIeKHICTD
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y = (X0, X200 X ), (3.25)

sKa HalKpaluM YMHOM BiJIMOBI1aja O eKCIEpUMEHTAIbHUM JIAHUM.

3anexHicts (3.25) BiANIyKYyeEMO y BUTJISAII Bijpizka pany Teinmopa 3a yMOBH,
IO MOXiJHI, AKI QITypyIOTh B HHOMY, OEpYThCSl B CEpeIHIN TOULll 3 KOOpAUHATAMU
X =2 %i /Ny Xp =D Xoi [Nyeeey X =2 %45 /N, € Xyjy Xpjyeer, Xy — 3HAUCHHST BXIJTHHX
BEJIMYMH B I-My JOCHiAl, N — KUIBKICTh JOCIHIJIIB Y MAacCHBI €KCIIEpUMEHTAIbHUX
JaHUX.

Jlyxe dgacto 3anexHicThb (3.25) niHiiHa. B 1boMy BUTIaIKy BOHA 300pakKaeThCs
nomHoMoM (3.22), KoediIieHTH SKOro IMPEJCTABISAIOTh COO0OI0 TAHTEHCH KYTIB
Haxwuiy rinepruionuay (3.22) B HaNpsSMKY BIANOBITHUX KOOPJAWHATHHUX OCEH, OTKE
iX MO’KHA BU3HAQUMTH 32 HAXWJIOM MPAMHUX Ha BIAMOBIAHUX 130()aKTOPHUX pO3pi3ax.
[Ipu npomy JliHEapHU3allil0 MOXKHA 3/1MCHIOBATH 3a JOMOMOTOI0 BIJIOMHUX METO/IIB,
HaIpUKJIAJ, BXKE PO3MIIAHYTUX METONly cepeaHix abo MHK.

3HaueHHs Koe(illieHTa @p MOXKHA 3HAWTW Ha MIACTaBl MOPHUPOTHOTO
MPUIYIIEHHS PO T€, IO TinmepruionuHa (3.22) MpoXoauTh Yepe3 BKa3aHy CEPEIHIO
TOYKY MacCHBY C€KCIIEpUMCHTAIbHUX JaHuX. Lle o3Hauae, MO ISl 3HAXOKEHHS dg
Tpeba y piBHAHHS (3.22) MIACTABUTH 3HANIEHI paHillle 3HAYEHHS KOE(IIIE€HTIB
a;,a,,...,8, @ TAKOXK 3HAYEHHsS BCIX MapaMeTpiB CEpPelHbOI TOUYKU 1 PO3B’A3aTH

oJiep>KaHe y TaKUid CIIoC1O pIBHSHHS BIJIHOCHO & .

Sxmo ¢yskiia (3.25) HenmiHIMHA, TO TOYATOK KOOPAMUHAT CHij MEPEHECTH Y
CEPENIHIO TOUKY 1 MPOBECTHU Yepe3 Hel JOTUYHY TINEPIUIONIMHY 10 TINepIoBepXHi, 110
Bianosinae dyakumii  (3.25). Mam, mnoOymayBaBmuM  130(aKTOpHI  pO3pi3H,
BUII[E3a3HAYEHUM CIIOCOO0M Tpeba 3HalTH Koe(ILIEHTH 3y, d,,..., d, . LLllo cTocyeTbes
Koe(ilieHTa a8;, TO B HOBIA CHUCTEMI KOOPAMHAT BIH JOPIBHIOBAaTUME HYIIIO.

[lepenicim B JIIBY YaCTHHY CKOPUTOBAHOT'O HEJIIHIWHOTO MOJIiHOMA, 10 BigoOpakae
¢bynkuiro (3.25), 10AaHKK MEPIIOro CTEMNEHs, aHAJOTIYHUM YUHOM CIHiJ MPOBECTU
JiHEeapu3allifo BIJIHOCHO 3MIHHUX O1JIbII BUCOKHUX IMOPSIKIB.

[Hakmie kaky4yu, y BHUMNQAKy HEIIHIHHOCTI 3anexxHocTi (3.25) yTouHeHHsA
MOJIeNIl 3MIMCHIOEThCS 3a paxyHOK 3OUIbIIEHHS BIAPI3Ky psagy Teinopa npu
30epekeHHl (PaKTUYHOI KIJTBKOCTI HE3aJIeKHUX 3MIHHUX 1 paHille 3HAUJICHUX
KOe(DIIIEHTIB IPU HUX, a HE 32 PaXyHOK 301IbIICHHS KUTBKOCTI HE3aJIC)KHUX 3MIHHUX

. . 2 . .
IJIAXOM BKIFOUYCHHSA 10 1X YMUCJIa KOMIIJICKCIB THUITY Xii’ Xi Xj 1 T. 1H., IO IIPHU3BOJHIIO

0 [0 aBTOMAaTUYHOI 3MIHM paHille 3HAWIEHUX KOEQILUIEHTIB dg, 81, Ay...,dy,
CIIOTBOPIOIOYH X (DI3UIHUI 3MICT.

B saxocti mpuknamy posriasHEMO TMOOYIOBY TMPEACTABICHHUM METOIOM
MaTeMaTUYHOI MOJIENl MIITHOCTI CIpOTO YaBYHY Ha 3TUH 3TIAHO 3 TMEPBUHHUMH
JTAHUMH, HABEICHUMHM B TIEPIIMX I’ SITH KoJoHKax Tab. 3.2, B skii [C], [Si] i [Mn] —
BMICT B YaByHI BYIJICLIO, KPEMHIIO 1 MapraHil0 y BiJICOTKax 3a Macow, a G —
MIIHICTh Ha 3THH Y k[/MM>.

[30dakTopHi po3pizu (puc. 3.2) BKka3yoTh Ha Te, mo 3aexHicTh ¢ ([C], [Si],
[Mn]) citig irykaTi y BUTIISAI JTIHIHHOTO TIOJIIHOMA:
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G = ay +a,[C]+a,[Si]+a[Mn]. (3.26)
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Pucynox 3.2 — 3anexHiCTh MIIIHOCTI CipOTO YaBYHY Ha 3TMH
B1Jl BMICTY B HbOMY BYTJIEIIO (B), KpeMHito (0) 1 MapraHiio (a)

3naiinemo koedimieHT a; piBHaHHS (3.26) Meromom cepeanix 1 MHK Ha
MIJCTaBl JAaHUX JIPYTOi 1 I’ SITO1 KOJIOHOK Tabmuil 3.2.

Sx BKe 3a3HAYANIOCh, METOJ| CEPEIHIX IMOJsIrac B TOMY, IO BECh MAacCUB
EKCIIEPUMEHTAIILHUX JTAHUX PO30MBAETHCS HA JBI MPUOJIM3HO OAHAKOBI YacTUHU. J[1is

. —1 _, . —1"7 . .
KOXKHOI 3 HUX 3HAXOASATh KOOPJAUHATH CEPEIHIX TOYOK [C] ,6' 1 [C] , G, BIJIMTOBIHO
(muB. Tadm . 3.2):

[C]'=(340+340+348+340+332+336+336+312+344+3,24+348+312+

+3,48+ 3,20 + 3,08 + 3,48 + 3,32)/17 = 3,34
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Tabmuus 3.2 — J[ani macMBHOTO EKCIIEPUMEHTY Ta iX 00poOKa

Ne | Bwmict, % 3a Macoro o, 2 Hani 1 Jani 2
wm | [C] | [Si] | [Mn] |[xI'/mm? [Clo | [C] o, |(Ac)| o, |(Ac)
1 /340/160|0,78 |416 |141,4 (1156 (415 |0,00 |4224 |0,41
2 |340(157|0,79 |[410 |139/4 |1156 [416 |0,38 |42,20 1,43
3 /348|157 |080 |44,1 |153,5|12,11 |39,7 |19,62 | 40,37 |13,91
4 135(135(089 (37,0 |131,7 12,67 |38,2 |1,51 |38,20 |1,44
5 (356166 0,77 |413 |147,0|12,67 |37,6 |13,77 | 38,72 | 6,66
6 |3,56|1,66 0,77 |413 |147,0 |12,67 (37,6 |13,77 |38,72 | 6,66
7 |340(1,46|0,73 |48,0 |163,2 |11,56 [429 |26,15 (42,46 |30,74
8 |332]166|064 |610 |2025 |11,02 44,4 2739 | 44,63 | 268,0
9 |35(141|0,72 |326 |116,1 |12,67 |39,6 |48,90 |38,94 |40,15
10 [3,601,41|0,70 |33,3 (119,99 |12,96 /38,9 |31,05|38,13 | 23,35
11 |36 |1,42|0,73 |33,3 |118,8 |12,96 |38,5 |30,34 |38,00 | 25,02
12 |13,521,32|052 [38,0 |133,8 12,39 |43,1 |25,85 |40,69 |7,26
13 364|156 |060 |330 |120,1 13,25 38,1 |25,06 37,68 |21,86
14 |34 |142]069 |323 [109,8 |1156 (435 |1261 |42,63 | 106,6
15 13,36 /1,38|0,69 |450 |151,2 (11,29 (449 (0,01 |43,61 |194
16 3,12 1,200,550 |475 |[148,2 |9,73 |53,2 |32,95 49,69 |4,78
17 13,4411,70|0,79 |[394 |1355 (1183|399 |0,27 |41,30 |3,63
18 [3,24|180|0,79 |36,7 |118,9 [10,50 |43,9 |52,38 | 45,76 | 82,04
19 [3,52|1,73|0,77/ |386 |1359 (12,39 |38,1 [0,26 |39,61 |1,02
20 |356(1,20|0,62 |376 |1339 1267 |419 |18,18 |39,37 | 3,13
21 |348|166|0,72 |394 |137,1 (12,11 {399 |0,30 |40,72 | 1,74
22 |360(164|0,72 |39,2 |141,1 1296 |37,3 |3,04 |38,05 1,33
23 13,12/1,43 /0,71 |[495 (1544 |9,73 49,7 |0,05 |48,78 | 0,52
24 13,48 1,71 /0,76 |38,7 |134,7 |12,11 |39,7 |0,29 |40,54 | 3,40
25 13,201,551 /0,76 |458 |146,6 |10,24 (46,9 |1,21 |46,78 | 0,96
26 |3,08(1,46|0,73 |425 |130,9 |9,49 |50,3 |60,44 |49,58 |50,13
27 1360158 1,27 |40,2 |144,7 11296 32,1 |06,07 | 35,66 | 20,60
28 /360,182 /0,70 |[405 |1458 |12,96 36,4 |16,65 |38,13 |5,61
29 |348(160/|0,74 |428 |1489 |12,11 [40,1 |7,29 |40,63 4,71
30 13,3211,08|055 |583 |193,6 |11,02 48,8 |89,62 |4502 176,44
> [103,2 45,6 |21,85 [1239,4 4248,0 356,03 [1247,3 994,22 [1246,2 920,02
>n 3441152 |0,73 (41,3 |1416 (11,87 416 |33,14 [415 30,67
| - - - - - - - |576 |- 5,54

= (4L6 +410+441+48,0+61,0+32,3+450+47,5+39,4+36,7+39,4 +
+49,5+ 38,7 +458+425+ 428 + 58,3)/17 =443:

[C] =(356+360+356+356+3,60+3,60+352+3,64+352+356 +3,60 +
+3,60+3,60)/13=3,58
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6" =(37,0+415+413+32,6+333+330+380+330+
+38,6 +37,6 + 39,2 + 40,2 + 40,5)/13=37,4

Matoun KOOpAMHATH ABOX CEPEIHIX TOUOK, 3HAXOJUMO MapaMeTpH PIBHSHHSA
pAMOi

o =k[C]+b, (3.27)

110 POXOANTH Yepe3 111 CePEeTHI TOUKU:

k=(c"- 6")/([6]' - [E]") = (44,3-37,4)/(334—358) = —28,75;

b=5'—k[C| =44,3+28,75-334=140,32.
OTxe, 3Hali[icHa 3a METOAOM cepeaHix 3anexHicTh o ([C]) mae Burmsa:
6 =140,32 - 28,75/C] (3.28)

CkopucraBmuch BijoMmuMu (Gopmyinamu, mo Bignosigatore MHK, a takox
JTaHUMU Ta0I1. 3.2, 3HAXOAMMO HACTYITHI ITapaMeTpH piBHsAHHS (3.27):

K=(£[c] o-nzlcl-o)|S[c) -nz[cF |-
= (103,24-1239,4 — 30- 4248)/(103,242 — 30 356,03) = ~23,02;
b=5-k|C|=413+2302-344=12048.

OTxe, 32 METOJIOM HaliMEHIIINX KBaILpaTiB 3HAXOIUMO:
o =120,48 - 23,02[C] (3.29)

[TopiBusBmun Bupasu (3.28) 1 (3.29), Mo’kHa KOHCTATyBaTH, 110 BOHH € JTOBOJTI
OJIU3BKUMH.

AHanoriyHo piBHAHHIO (3.29) Oynu 3Hal/IEH] PIBHSHHSA, SKI XapaKTepU3yIOTh
BIUTMB BMICTY KPEMHIIO 1 MApPraHIll0 Ha MII[HICTh CIPOTO YaBYHY Ha 3TUH:

o =50,42-5,98[Si] ; (3.30)
o =48,70-10,15[Mn]. (3.31)

3rigno 3 piBHsHHAMHU (3.30) 1 (3.31) kpemHiil 1 mapraHenp, sIK 1 BYTJEIb,
HETaTMBHO BIUIMBAIOTh HA BEJIMUUHY O, TIILKU B JIENI0 MEHIIIN Mipi, HI’)K OCTaHHI.

Tenep, 3rilHO 3 BHINEHABEJACHUM OIMCOM 3alPOTIOHOBAHOTO METOMIY
o0y 10BM MaTEMAaTHYHUX MOJIEJICH, 3HaX0AUMO KOe(IIliEHT ag (1uB. Tad. 3.2):

a, =6—(a{6}+a{§}+a{WD=4L3—

—(—23,02-3,44-5,98-152-10,15-0,73)=136,99
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OTxe, 3riIHO 13 3alpPONOHOBAHUM METOJOM, BIALIYKYBaHa 3aJI€KHICTh Mae
TaKUM BUTJISI:

o =136,99 - 23,02[C]-5,98[Si]|-10,15[Mn] (3.32)

Jlnst mopiBHSIHHS OyJIM po3paxoBaHi KOe(illlEHTH BIANTYKYBaHOI MaTEMaTHYHO1
mogem B cepenoBuili MathCAD 3 BuUKOpHCTaHHSIM MaTpUYHOI anreOpH, M0 HAAAIIO0
3MOTY OJIep>KaTu BUPa3

o =121,31-22,26[C]-0,30[Si]| - 4,03[Mn], (3.33)

SIKHI ITPAKTUYHO CITIBIIAB 3 aHAJIOTTYHUM BHPA30M, OJCPKaHUM Y pOOOTI [6] THM xKe
CIIOCO0OM:

o =121,32 - 22,27[C]-0,29[Si]- 4,05[Mn] (3.34)

Cnipn 3ayBaskutH, 110 piBHsSHHS (3.32) 1 (3.33), He3BaXkar0UM Ha BIAMIHHICTH X
KOe(DIIieHTIB, XapakTEePU3YIOThCA NPAKTUYHO OJIHIEI0 1 TIEK K TMOXHUOKOIO
MIPOTHO3YBAHHS BUXITHOT BEJIMYUHH, TTPO IO CBIAYATH JaH1 KOJIOHOK 91 11 Tabm. 3.2.

Buxopucranns merony bpanaona njis nody10BM CTATUCTHYHUX Mo/IejIel
TEXHOJIOTIYHUX 00’€KTIB HA OCHOBI MACMBHUX €KCIIEPUMEHTAJILHUX JaHUX

ITocTanoBKka 3axaui

CratucTUyHl MOJIEl CTBOPIOIOTH Ha OCHOBI MAaCHBHHUX €KCIIEPUMEHTAIbHUX
naHux. 3amady GopMyJNIOIOTh HACTYIMHUM YHUHOM: 3a JaHOK BUOIPKOIO 00CsTYy N
(To0TO TO 3aJaHOMy 4YHUCIY JAOCHIAIB) MOOYIyBaTH CTAaTUCTUYHY MaTEMaTHUYHY
MOJIeJIb TEXHOJIOTIYHOro 00’€kTa. B 3aranpHOMYy BHUIMAIKy TEXHOJOTIYHUM MPOIIEC
MPEACTABISIETbCS Y BUIIIAAI OaratomipHoro o0’ekra. Ha o00’€KkT AitOTH BEKTOP
BXIJIHMX TapamMeTpiB X, CKJIaJ0Bl SIKOTO {Xl,xz,...,xi}. Buxigai mapameTpu
{yl,yz,...,yp} CKJIQ[al0Th BEKTOpP BHUXIJHUX TnapameTpiB Y . 3aradbHuUi BUJA

CTaTHUCTUYHOI MOJEJ 0araToOMipHOTO TEXHOJIOTIYHOTO 00’€KTa MOXKHa 3alucaTH y
BUTJIAI CUCTeMH anreOpaiunux piBHsHb (3.35) ab0 y BekTopHiii ¢opmi (3.36):

Y1 = Fl(Xlixz’--me)a
Y1 = FZ(X1!x2""’Xm)’

(3.35)

Y = F(X), (3.36)

ne X,Y — BEKTOpM BXIJIHHUX 1 BUXITHUX mapameTpiB 00’ €Kra.
, p paMeTp
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IloOynoBa cTaTHCTHYHOI MO/IeJli OAHOMIPHOI0 TEXHOJIOTIYHOI0 00'€KTa

Ha mnpaktuiii yacto BWHHUKAe HEOOXITHICTH CTBOPEHHS MoOJeNed s
OJTHOMIPHOTO TEXHOJIOTTYHOT0 00’ €KTa. MOJIENb ONMUCYETHCSA HACTYITHUM PIBHSHHSIM:

y=f(x), (3.37)

[Tpomec moOy10BM CTATUCTUIHUX MOJEIICH CKIIAIA€ThCSA 3 IEKUIBKOX €TalliB.
BusHaueHHsI TICHOTH 3B’AI3KY MisK 3MIHHUMMU

[Ipo HasgBHICTH a00 BIACYTHICTh 3B’A3Ky MIDXK JBOMAa 3MIHHUMH SIKICHO MO>KHA
CYIUTH 3a BHUJOM TIOJII KOPEJIii, a KUIBKICHO — 3a BEJIMYHMHOI BHOIPKOBOTO
KoeilieHTa, SKU BU3HAYAETHCS 32 (OPMYJIOIO:

n

E(Xi -x)y; - )
Ny = (n _1)sty , (3.38)

10 10
X==>X, Y==2Yi, (3.39)
Ni=1 Ni=
s2=— 1 Y(x -5 S2=—13(y -y} (3.40)
n-1i3 Y on-13

ne X 1 Y — cepeaHi 3HaUEHHS;
N — 9UCJI0 JOCIIIB;
S )2( i Sf, — IHCTIePCiT;

S,15,— cranmapru.

Jist po3paxyHKy [y, 3py4HO BUKOPHCTOBYBATH:

(6 =)y -9)
Py = (n _1)sty - (3.41)

KoedimienT xopensiii 3a aOCOMIOTHOIO BEIMYUHOIO HE MEPEBMILYE OJMHULIL
-1<r, <1.

Yum Onmxkue aOCOIOTHE 3HAYCHHsI KoedillieHTa 10 OJWHHUIN, TUM CHJIbHIIIE
JIHIMHUN 3B’S30K MDK BeluuuHamu. Craif BIAMITUTH, 10 KOEQIMIEHT KOPEJSIii
OJTHAKOBO BIMIYa€ YacCTKy BHUMAJKOBOCTI 1 KPUBOJIHIMHICTD 3B’A3Ky MIK X 1 ).
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3anexHICTh X 1y MOXKe OyTH OJIM3bKOIO A0 (PYHKI[IOHABHOI, aJie CyTTEBO HEIIHINHOT;
Koe(iIieHT Kopesiii Ipy [boMy Oyjie 3HAaUHO MEHIIIE OJIUHUIII.

O0’exTHBHE BU3HAYCHHS TICHOTH 3B’SI3KY MOKE OYTH MPOBEJCHO B PE3yJIbTaTi
CIILJIBHOTO aHaI3y SKICHOT 1 KUTbKICHOT OIIIHOK.

Bubip Buay 3a/1eKHOCTI

Jlns Bu3HaueHHs BUAy 3ajexHocTl (3.37) ciig moOyayBaTH eMIIpUYHY JIIHIIO
perpecii (puc. 3.4). JIJi1 bOro Bech Jiana3oH 3MIHHUX Ha TOJI1 KOpeJLii po30uBaeThCs
Ha K piBHUX iHTepBaniB Ax. Bci Toukw, siKi mOTpanuiu B j-i iHTepBan AXj, BiTHOCSTS
10 Horo cepeanHH Xj. [ 1bOro BU3HA4a€MO YacHI CEPEeH1 sl KOXKHOTO 1HTepBaa:

nj
2. Yj,
y=122 (3.42)
nj
nj
Jie Nj — 9MCII0 TOYOK B iHTepBaii AXj, mpudomy > N; =N (N — obcsr Bubipkn).
i=1

Y4
1
| .
. ] _—e
‘ . . .'-
:.’.\‘ .K
| | K
|
I
|
|
| . >
X AX X A X

Pucynok 3.4 — [To6ynoBa eMIipu4HOi JiHii perpecii

[ToTiM mnoOCHIIOBHO 3’€AHYIOTH TOUYKHU (X, Yj) Biapiskamu npsmoi. Oxepxana
JaMaHa Ha3UBA€ThCS EMITIPUYHOIO JIiHIEK perpecii y mo x. [lo Buay emmipuyaHoi diHIT
perpecii MoxxHa migiOpaTy piBHAHHSA perpecii Y = f(X). Ha mpakrturi Haiuacrimie
3aCTOCOBYIOTh PIBHSHHSI perpecii y BUTIISII:

IIpsAMO1 — yP =dy + 8.1X ;

eKCIIOHEHTH — Y , = dj + 8,8™" ;

. ~ n . .
IIOJIIHOMA N-TO CTCICHS — yp =dap +ax +...+a,X Ta IHIIl.

PiBHsIHHS perpecii B 3arajibHOMY BUIAJKy MOXe OyTH MPeICTaBICHO, K
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y, = f(xay,a,a,,...ay) (3.43)

Jie y, — PO3paxyHKOBE 3HAYCHHs QYHKLUII y;
aj (J =01.., m) — KOoe(IIEHTH 3aJICKHOCTI;

X — 3HAYCHHA apryMCHTA.

BuzHaueHHs1 mapaMeTpiB 3aJ1€5KHOCTI

3amady BU3HAUCHHS NapaMeTpiB piBHSHHS perpecii (3.43) ag,..., 8, BUPILIYIOThH
3a3BUYail 3 BUKOPHUCTaHHSAM MeToAy HakMmeHmmx kpaapariB (MHK). BiamosimHo
METOJly HalKpalluMU 3HAaUeHHSAMH IapaMeTpiB OyIyTh Ti, IPH SKUX CyMa KBaJpaTiB
BiJIXHJIEHb PO3PaXyHKOBUX BEIMYMH Y BiJl €KCIIEPUMEHTAJIbHUX OyJe HAMEHIIIO,

TOOTO

n

D= Z(yei -

=1

f(X;,aq,8y,8,...ay))° =min. (3.44)

YMOBOIO MiHIMyMa (PYHKIIi € PIBHICTh HYJIO il YaCHUX MOXIJHUX IO BCIX
aprymMeHTax:

o®/oay =0; 0d/da =0;...; 0P/da,, =0. (3.45)

B Teopii meTony cuctema (3.45) Ha3MBaeThCS HOPMATBLHOIO CUCTEMOTO: JIJIsT Hel

YUCJIO PIBHSAHb JOpiBHIOE uuciy HeBimomux. s ¢ysakmii @ (3.44), sxa
PO3IIIAIA€THCS, YMOBOIO MiHIMyMa Oy/ie
n of (xi,ag,...,a
> 2(y; — f(xi,a9,ap) (2o m):()
i=1 oA
S ettt e ettt e e re et e reenes (3.46)
of (Xi,ag,...,a
S0y, ~ (5,802 ) 202 2m) g
am
[Ticns mepeTBOpEeHb HOpMaJIbHA CHCTeMa HaOyBae BUTY
(0 of(x,ag,.8y) of (x;,89,...,an)
2 P Tml S f(x, g, a ' m
-y | aao = ( | 0 m) 8a0
nof(x,ap,...a n of (Xi,ag,...,a
ZYi (I 0 m)_zf(xl’aO’ ’ m) ( i'“0 m)
i=1 58.1 i=1 53.1 (347)
N of (x,89,.8y) O of (x;,ag,....a)
z y [ m/ Z f(x an,..., [ m
3 | aam = ( 1 0 m) aam
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Po3p’s13anHs cuctemu anredOpaiyHuxX piBHAHb (3.47) HO3BOJUTH BU3HAUUTH
3HAYCHHS KOC(DIIIEHTIB JJIT KOHKPETHOTO BHA 3aJCKHOCTI f(Xl,aO,al,...,am).

OpneprkaHy 3aJ€KHICTh HA3UBAIOTh PIBHSIHHSIM PErpecii.
Bupasu s BuU3HaueHHsS KoeQILIE€HTIB PIBHSIHBL perpecii, s 3aJIeKHOCTEH
Y, = f(x,a,,8,), IO YaCTO 3yCTPiYAIOTECS HA NPAKTHII IPH CTBOPEHHI

CTATUCTUYHHUX MOjIeNIeH, MOXKYTh OYTH oJiepkaHil 10 METOAYy HaWMEHIIUX KBaJpaTiB
HUIAXOM po3B’si3aHHs cuctemu (3.47). Y BUMaaKy mporpaMHoi peanizailii, KoJu BUJT
PIBHSIHHS perpecii Ie He BIIOMHUM, 3aMICTh METOJy HAMMEHIINX KBaJpPaTiB MOXKYTh
OyTH 3aCTOCOBaH1 METOIM YMOBHOI OITHMI3allli, 30KpeMa, MeTo 1 ITpadHUX (YHKITIH.

IlepeBipka agekBaTHOCTI PiBHSIHHS perpecii

AJIeKBaTHICTh PIBHSHHS MEPEBIPAIOTH 3a KpuTepiem Dimepa:

F=52,/SZ, (3.48)

2 .
e S;,, —3aJUIIKOBa JUCIEPCis, 10 BU3HAYAE PO3KU] €KCIIEPUMEHTAIBHUX JTaHUX
BIJIHOCHO PIBHSIHHS perpecii;
SB2 — JuUcrepcist BIATBOPIOBAHOCTI, 1110 BU3HAYAE BEIMUYMHY BUIAKOBOI TOXUOKH.

2 :
3HaueHHs S, PO3PaxOBYIOTh 3a (HOPMYIIOIO:

n 2

> (yi - f(x,ag,..ay))

2 i=1
S = (3.49)
3aJ. 1 .
n—(m+1)
nme N—(m+1)=f, — umcno cremeHiB cBOGOAM, SIKE BHM3HAYAETHCS, SIK Pi3HHILS
KUTBKOCTI JOCIIIHMX TOYOK N 1 4Kcia MapaMeTpiB dg, ..., dy, OUIHECHUX 32 IIUMH XK
TOYKaMH.

3HaueHHs AUCHeEpcii BIATBOPIOBAHOCTI 3HAXOMASATh Ha CTail MONEPEIHBOTO

aHai3y gaHux. J{Js bOro BUKOPUCTOBYIOTH 3aJI€KHICTD
n

>(yi ~y)
S = S (3.50)
n-1

ne n—1= f, — 4ucIio cTeneHiB cBOOOAN 3HAMEHHHKA.

BusnauuBmm po3paxyHKoBe 3HadyeHHS Kpurepusi ®Dimepa 3a ¢GopMyioro
(3.48), opiBHIOIOTH Horo 3 TabmuuauM F,. SAxmo F, 6inpmie F gt BuOpanux piBHS
3HAYYMOCTI O 1 9ucen creneHiB cBodomu f; i f,, To piBHSHHS perpecii ajekBaTHE.
MatemaTnuHa MOJENb y BHIJISAI PIBHSHHS perpecii Moke OyTH BUKOpHICTaHA IS
MPaKTUYHMUX LUIeH (U1 pO3paxyHKy, pO3B’sA3aHHA 3a7a4 ONTUMI3aIlii 1 T. I1.).

Axmo F, menme F, To piBHsIHHS HeajekBaTHE. B 11boMy BUMaAKy HEOOX1THO
BUOpATH 1HIIUN BUJT 3aJIEKHOCTI MDK BEJIMYMHAMHM X 1 ¥ 1 MOOYAyBaTH HOBY MOJIEIb.
Y BuNangky BiJICYyTHOCTI AaHWX JIsl BU3HAYEHHS BiJITBOPIOBAHOCTI MPOIECY MPH
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BU3HAUEHHI a/IEKBAaTHOCTI MOJIEJI Ha MPAKTHUI]l BUKOPUCTOBYIOTh OILIIHKH aJ€KBATHOCTI —
KOpeJIslliiiHe BiJHOILIEHHS 1) 1 CEPEIHIO BITHOCHY TOXUOKY €!

L ~ )2
. 1_E(yei_yp) _ 8=100i yei_yp|
Sa-f M Y

n
i=1

(3.51)

1€ Yes Y, Y —CKCIIEPUMEHTAJIBHE, PO3PAXyHKOBE 1 CEpEeHE 3HAYCHHS BHXIJHOTO

napameTpa BIAMNOBIIHO.
Ilo0ynoBa cTaTHCTHYHOI MO/IeJIi 0AaraTOMipHOr0 TEXHOJIOTIYHOT0 00’ €KTa

Jlns moOyaoBu Mozeni 0araTOMIPHOTO TEXHOJIOTIYHOTO O0’€KTa B Halll 4ac
ICHYIOTh JIeKUIbKa METO/I1B. MOKHa BUKOPHCTOBYBATH METOJI MHOKMHHOI KOPEJIALii,
METOJ] TPYHMOBOIOo OOJIIKY apryMEHTIB, METOJ TOJIOBHUX KOMIIOHEHTIB, METO]I
Bpannona ta iH. OgHO3HAYHO BIJIATH TIEpEBary OJHOMY 3 METOMAIB HEMOXJIUBO,
TOMY 1110 KOXXHUH 3 HUX MOB’SI3aHUN 3 0COOJIMBOCTSIMH KOHKPETHOTO TEXHOJIOTIYHOTO
00’exTa. /{11 noOyn0BH CTaTUCTUYHOI MOJIEN1 BUKOPUCTaHO MeToA bpanmoHa.

MeTon npu3HadYeHUi IJisi OTPUMAHHS MOJIEJIEA BUAY:

Y (Xgs X ey X ) = g IH:l f.(x). (3.52)
abo
(04, % %) =B (), (359)

ne f; (Xi )— JOBLIIbHA OJTHOMIpHA PYHKIIA X;;

N —KIIBKICTh BXOMIB, | = in.

Ha tounicts mopenerr (3.52), (3.53) BrumBae mHOPSIOK pO3pallyBaHHS
BXiHMX 3MiHHEX X; Ta Bignmoimmmx f;(X;). Jlns BU3HAueHHs HOMepa iHIEKCy
koxkHY f;(X;) BUKpecTooTh, K QYHKII0 OfHiel 3MiHHOT i OTPUMYIOTH EMITipHUHi
niHii perpecii. OTpumasmu HaOip rpadikiB (puc. 3.5), anpoOKCUMAIIiI0 TOYUHAIOTh
3 Ti€i 3MIHHOI, M1 SKOI PO30DKHOCTI MK EKCHEPUMEHTAILHUMH JaHUMH 1 Y
MiHiManbHI. KpiM Toro, 3a dhopmoro eMmipudHoi JTiHIT perpecii o0uparTh CTPYKTYpy

fi(x;).
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Pucynok 3.5 — MoxuBi BUIM eMIipUYHHX JIiHIHN perpecii

PosrisitHeMo anroputm MeTony.
1. 3a ekcnepuMeHTaAIbHUMH JaHUMHU (00csiroM N) BHUKpPECIIOIOTh €MIIPUYHY
JHIIO perpecii ﬁxl = fl(Xl). ITo ii Buay BHU3HAYAIOTh CTPYKTYpPY fl(xl) 1 Jaji 1o

MHK po3paxoBytoTh KOedili€HTH IIOTO PIBHSHHS.
2. CxnagaroTh BUOIPKY HOBOI (PIKTUBHOI BUX1JTHOT 3MIHHO1

®dikTUBHA 3MIHHA Y] HE 3aJEXKUTh Bl X;, TOOTO
Vp, =0 F(%) f3 (% ) (%, ).
3. Ilo HOBI1 BUOIpLi OyAYIOTh EMIIPUYHY JIIHIIO perpecii

sz = fZ(XZ).
4. Po3paxoByloTh il KO€(]IlIEHTH 1 3HOBY BHM3HA4alOTh BHUOIPKY HACTYIHOI
(iIKTUBHOI BUX1HOT 3MIHHOT
Y1 y

V2= fz(xz): f06 ) f2(xp)

3MiHHAa Y, HE 3&JeXKUTh B JBOX BXIAHMX 3MIHHHUX X; Ta X, 1 BHU3HAYa€ThCS

HACTYITHUM PIBHSHHSAM perpecii
Y, =bo Fa0 ) Fa (%)

5. llopaneury npouenypy BuU3HaueHHS (DYHKII MPOJOBKYIOTh 10 OTPUMaHHS

BHUOIpKH
Yna — y

1:n (Xn ) fl(xl) 1:2 (XZ ) fn (Xn )

OctanHs BuOIpKa HE 3aJeXiTh BIJ YCIX BXIJHHUX 3MIHHHMX, a BH3HAuYa€
koedimient by, moxaeni (3.52)

Yn =
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R 1N
ypn :bo :_Zyni !
|
ne N —o0csr BUOIPKH.

[Ipn BukopuctanHi Mojaeli 31 CTpyKTyporo (3.53) BHKIIIOUCHHS BILUIUBY
BX1JIHUX 3MIHHUX Ha BUX1J BUKOHYIOTh Y BiJIIOBIIHOCTI 3 Bupasom (3.54)

V(X X )= V(X0 X0 ) = F1 (). (3.54)

IIpuknan po3paxyHky 3a metonoM bpanaona

Tabnuis 3.3 — O6poOka ekciepuMeHTaIbHUX JaHUX 32 MeTosIoM bpangona

. ) Buxigui . )
Bxiaui mani nami PospaxyHkoBi nani
Ne | xp X X3 y )7 ol )7 p2 )A/ 3 Y Mojeni Vi
1 1 5 20 73,37 59,21627 | 42,52521 | 41,05837 | 73,58279 | 0,04528
2 4 4 50 62,5 27,71069 | 13,94299 | -0,6209939 | 63,12099 | 0,385633
3 7 7 100 111,6 42,41806 | 19,8803 | 0,90602612 | 110,694 | 0,820883
4 8 9 10 53,9 46,6248 | 18,24033 | -0,2736247 | 54,17362 | 0,07487
5 3 |12 | 20 62 47,84627 | 10,69175 | -0,4717265 | 62,47173 | 0,222526
6 6 | 10 | 40 77,3 49,38922 | 18,0814 -0,38798 | 77,68798 | 0,150528
7 110 5 60 72,1 30,43217 | 13,74111 | -0,9566046 | 73,0566 | 0,915092
8 2 6 10 34 26,7248 | 7,110389 | 0,31262687 | 33,68737 | 0,097736
9 4 5 ] 100 101,8 32,61806 | 15,927 1,3630203 | 100,437 | 1,857824
10| 5 |12 | 50 87,3 52,51069 | 15,35617 | -1,6431151 | 88,94312 | 2,699827
11 | 8 8 60 87,3 45,63217 | 20,17105 | 1,65709438 | 85,64291 | 2,745962
12 | 9 4 40 59,4 31,48922 | 17,72151 | 0,6330767 | 58,76692 | 0,400786
13| 3 |11 | 70 95,3 46,75364 | 12,52247 | 1,35899257 | 93,94101 | 1,846861
141 2 | 10| 90 100,2 37,89659 | 6,588766 | -0,2089962 | 100,409 | 0,043679
15| 8 7 100 109,8 40,61806 | 18,0803 | -0,4336599 | 110,2337 | 0,188061
16 | 5 9 10 53,2 45,9248 | 17,54033 | 0,5410489 | 52,65895 | 0,292734
17 | 1 5 90 79,55 17,24659 | 0,555528 | -0,9113167 | 80,46132 | 0,830498
18 | 2 8 40 60,9 32,98922 | 7,528104 | 0,730342 | 60,16966 | 0,533399
19| 6 6 80 92,4 36,97511 | 17,3607 | -1,1086769 | 93,50868 | 1,229164
20| 9 4 70 79,7 31,15364 | 17,38593 | 0,29749669 | 79,4025 | 0,088504
21110 |12 | 30 73,1 52,06775 | 14,91322 | 0,21550835 | 72,88449 | 0,046444
22| 7 |11 | 20 68,4 54,24627 | 20,0151 | 1,04082972 | 67,35917 | 1,083327
23 4 [ 10| 30 67,6 46,56775 | 15,25993 | 0,69594479 | 66,90406 | 0,484339
24 | 3 5 80 83,2 27,77511 | 11,08405 | -0,0794195 | 83,27942 | 0,006307
25 2 (10| 70 86,75 38,20364 | 6,895819 | 0,09805712 | 86,65194 | 0,009615
26| 7 |12 | 50 91 56,21069 | 19,05617 | 0,08189728 | 90,9181 | 0,006707
27 | 8 4 20 47,1 32,94627 | 19,17857 | 0,66461079 | 46,43539 | 0,441707
28| 9 7 40 66,4 38,48922 | 15,95146 | -1,1369806 | 67,53698 | 1,292725
29 | 2 8 80 86,8 31,37511 | 5,913997 | -0,8837647 | 87,68376 | 0,78104
30| 9 4 40 57,5 29,58922 | 15,82151 | -1,2669233 | 58,76692 | 1,605095
cyma 21,22716
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Pucynoxk 3.5 — Emnipuuni niHii perpecii
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OTtpumani Koe(iLIE€HTH PIBHSIHHS perpecii

ap= - 4,82928
a,=6,778725
ajn = - 0,4826
a,=2,074298
a; = 2,923352
az = 0,396672

a3 = 0,687853
OTpuMaHO CTaTHCTUYHY MAaTEMAaTU4YHy MOJIENb 0araToMipHOTO TEXHOJOTTYHOTO
00’ekTa 3a MmeTosIoM bpanaoHa

y =-4,829 + 6,778x; + 2,074x, + 0,396 x3 + 2,923 x1X; + 0,687 x1x3 - O,483x12

3.2. KoHTpPOJIbHI 3alIUTAHHA

1. B yomy nonsirae CyTb MaCUBHOTO €KCIIEPUMEHTY?

2. Ilo Take MeTO HATMEHIINX KBAApPAaTiB, HA YOMY BIH IPYHTY€TbCA?

3. Buenite dopmynu mpis po3paxyHky 3a gonomororo MHK mnapamerpis
pIBHSIHHSA Y = @, + ax.

4. B domy cyrb MmeTtony cepenHix? BuBenite Qopmynau uisi BU3HAUEHHS
napaMeTpiB PIBHSAHHS Y = a, + aX METOJOM CEpeIHIX.

5. SIk1 METOaM BUKOPHMCTOBYIOTHCS ISl MOOYOBU JIIHIMHUX OaraTopakTOpHUX
mozeneit (JIBM)?

6. Ak Oyayrotecs JIBM Ha ocHoBi MHK?

7. Sk 6ynyrotecs JIBM 3a MeTo10M 130(aKTOpHUX PO3Pi3iB?

8. Sk OynyroThcs HemiHiMHI OaraToakTopHi MOJIEIN 32 METOJIOM 130(paKTOPHHUX
po3piziB?

9. B womy cyths MmeTony bpangona?

3.3. 3aBaanus

3a paHumu Tabj. 3.2 METOJaMM CepefHIX 1 HaWMEHIIMX KBaJpaTiB 3HANTH
sanexnocti  of[Si]) i 0([Mn]), HOPIBHATH 1X 3 BIANOBIJHUMH 3AJIEKHOCTIMH,
HABEJICHUMHU B JIaH1i 1abopaTopHii poOOTI, 1 3p0OUTH BUCHOBKHU.
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JIABOPATOPHA POBOTA Ne 4

MOBYJOBA CTATUCTUYHUX MATEMATHYHUX MOJEJIEHA
3A JAHUMU AKTUBHUX EKCIIEPUMEHTIB

Meta podoru — [loOyayBaTy CTaTUCTUYHI MaTeMaTU4YHI MOJETIl 3a JIaHUMHU
AKTUBHHUX CKPCIICPHMECHTIB

4.1. 3arajabHi BizomocTi
Peanizanis iiany ekcriepuMeHTy

Jlo mpoBeaeHHS JOCHiAIB Tpeba peTeNbHO MIArOTYBATHCh:  310paTH
€KCIIEpUMEHTAJIbHY YCTaHOBKY, IEPEBIPUTH 1 MPOKAIIOPYBATH NMPUIIAAH, MIATOTYBATH
HEOOXIJTHY CUPOBUHY, 3aBECTU CHellaJbHUM XypHal. [lepiry Horo cTopiHKy MOKHA
MPUCBATUTA METI JOCIHIKEHHS 1 BUXITHUM TapaMeTpaM 3 YKa3aHHSM OJUHUILL 1X
BUMIpIOBaHHA. baxkaHo mepepaxyBat BCl MapaMmeTpu, sKi MOXYTb OyTH
XapaKTEPUCTUKAMU TIPOIIECY 1 3BEPHYTH yBary Ha KOpEJsIito, 10 ICHYE MK HUMH.
Skmo K BIIOMOCTI MPO KOPENAIII0 BIACYTHI, TO TOMAl JOLUUIBHO MiJIpaxyBaTH
Koe(ilieHTH mnapHOi KOpeNdllii, MEepeBIPUTH iX 3HAUYIIICTh 1 BUSBUTU TPYITy
HEKOpeIboBaHUX mapamMeTpiB. [10TIM 3 HUX CJIi] BUAUTUTH «TOJIOBHUNY» MapaMeTp, 1o
aKoMy Oyne 3A1HMCHIOBATHCh PyX 3a TpaJliEHTOM, a BCl IHII BHUXIJHI TapamMeTpH
OylyTh BiIirpaBaTH pOJb OOMEKEHb.

Hpyry CTOpIHKY >XypHaly MOXXHa BHAUIUTA AJid (DaKTopiB, OOOB’S3KOBO
BKA3aBIIM JJi1 KOXKHOTO 3 HHUX OJMHHUIIIO BUMIPIOBaHHS, 00JacTh BHU3HAYCHHS,
HYJIbOBHUI PIBEHb Ta IHTEPBAJ BapitOBaHHS.

Jlis MaTpuill TUTaHyBaHHS 3pYyYHO BUAUIMTH OKPEMY CTOPIHKY KypHAIIy Yd
MOX€ HaBiTh LUIUM HOTO pO3BOPOT, 1100 3a0€3MEUUTH MOKIIMBICTH MOMICTUTH HE
TUIBKKA KOJIOBaHI, a ¥ milicHI 3HadeHHS (DAKTOPIB, 3alMCATH IMOBTOPHI IOCTIAN 1
3ayBa)KCHHSI.

Matoun TUTaH JOCTIiAIB, HEOOXITHO pPO3paxyBaTH KUIBKICTb CHUPOBHHH 1
3a3ganeriap ii miarotryBaTd. baxano, mo0 cupoBuHa Oyia OIHOPiAHOMO. SIKIO
BUMOTY II[OJI0 OJHOPIAHOCTI CHPOBUHH 33J0OBOJILHUTH HE MOXXHA, TO TOJI1 Tpeda
3a37aJIeTiIb BU3HAYUTH KUIBKICTh PI3HMX TMAapTid CHPOBWUHU 1 BIAMOBIIHUM YHHOM
pO30UTH MATPUIIIO TUIAHYBaHHS Ha OJIOKH .

Oxkpemi CTOpIHKH >XKypHaiy TpeOa BIJIBECTH JJIsi PO3PaxXyHKIB, a TaKOX JIJIsi
aHaii3y pe3ynbTaTiB eKClepuMeHTy. Bci po3paxyHkM ¥ 1HINI 3amvcH TMOBUHHI
30epiraTUCh 10 3aKiHYEHHS BCl€l pOOOTH 1 CKJIalaHHsI 3BITY.

CrarucTUYHMI aHAJTI3 Pe3yJIbTATIB BU3HAYCHHSA MapaMeTpa onTuMi3amii

3HauylicTh pi3HULI cepeaHiX pe3y/bTATIB ABOX A0CHiAIB. YsBiMO co01, 110
MPOBEJICHO €KCIIEPUMEHT 3T1JHO 3 MATPHIICIO, IPEICTABICHOO Y BUTIIA I Tabm. 4.1.
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Tabnuns 4.1 — Matpuud rianyBaHHs 252

z:ocJ:\Ji_izLy Xo Xy X X3 X4 X5 y

1 + - - — — - 50,0
2 + + + - - — 57,2
3 + — — + + - 48,1
4 + + — + — + 46,0
5 + — + + — + 64,8
6 + + _ — + + 45,3
7 + — + — + + 54,8
8 + + + + + — 53,0
aj 52,4 —2,025 5,05 0,575 -2,1 0,325

TpeOa BiANOBICTH Ha 3alUTAHHS, YA € YMOBH J0ciiy Ne 3 OUIbII BUT1IHUMH
3a ymoBu gociigy Ne 4, abo, 1HakIie KaXydd, Yd € 3HAYYLIOK PI3HULS MIX
3HAQYEHHSIMM TapaMeTpa onTuMizaiii B 1ux nociigax. KinbKicTh cHocTepekeHb B
KO)KHOMY JIOCHTiZl JOpiBHIOBaJia II’SITH, a IMOXMOKa BHUMIPIOBaHHS MapameTpa
onTuUMi3alli (IUB. HACTYNMHUM MYHKT) B 000X JOcCiigaX MNpuOJIM3HO OJHAKOBa 1
nopisHioe 1,0.

[3 MaremMaTHYHOT CTAaTUCTUKH B1JIOMO, IO 3HAYYIIICTh PI3HMII JTBOX CEPEIHIX
MO>KHA MEPEBIPUTH 3a ToNoMororo t-kputepiro CThIOJIEHTa, pO3paXyHKOBE 3HAUCHHS
SIKOT'O 3HAXOIATh 32 (POPMYIIOFO:

1:po3p. = (yl - )/S\/l/nl +]7/n2 J (41)

ne Y; 1 Y, — cepedHl 3HA4YeHHs MHapaMeTpa ONTUMIi3alli B OJHOMY 1 JAPYyromy
JIOCHiax;
S— noxuoOKa fociiay (po3riasgacThes BUMIAIO0K, KOJIM MOXUOKH JJ1st 000X JOCIIIIB
OJIM3bK1 OJTHA IO OJHOI);
N, 1 N, — KIJIBKICTh CIIOCTEPEKEHD B 000X J0CIIaX.
JI714 Haoro BUMaaKy MaeMo:

toosp. = (48.1—46,0)/1,/L5+1/5 =33.

Tenep 3Haxogumo TabnwuHe 3HaUeHHs {-kpurtepito CThIOJEHTA, IS YOTO
Tpeba 3HATH YHUCIO CTYINEHIB cBoOoAM f JuIs BXoay B TaOJMIIO 3HAYEHBb I[HOTO

Kputepito (noaarok 2). Bennuuna f — 1e KUIbKICTh BUIIPOOYBaHb MIHYC KIJIBKICTb

PIBHSIHb, BAKOPUCTAHHUX MTPH 3HAXOKEHH1 CepeHiX. B mpukiaii, mo po3risgacThes,
B KOXXKHOMY JIOCIHiAl OyJn0 MO I’ATh MapajelbHUX BUMIPIOBaHb, Ha MIJCTaBl SKHX
Oyro 3HaiiieHo /Bi cepenHi BenmuunHn, omke f =n;+n, —2=5+5-2=8. 3rigno 3

nogatkoM 2, t.- =2,3. Ockiipku TaOIMuyHE 3HAUEHHS I-KpUTEpil0 MeEHIIe 3a
PO3paxyHKOBE, MOKHA BBa)KaTH, 110 3 WMoBipHICTIO P =1—0,05= 0,95 pizHuns mix
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pe3ynbTaTaMu ABOX JOCIIJIIB € 3HAYYIIO0, 1, TAKUM YWHOM, BennduHy 48,1 MoxHA
BBaXKaTH Kpaiioro 3a 46,0.

IMoxubka gocaixy. [Ipu mpoBeseHHI MOBTOPHUX MapajebHUX BUMIPIOBAHb B
TOMY YM 1HIIOMY JOCHTiI MH KOXHOTO pa3zy OJIEPKYEMO pi3HI pPe3yIbTaTH.
[IprunHOIO 1IHOTO € HasABHICTh MOXUOKHU Jochiay (abo MOXHMOKH BiATBOPHOBAHOCTI
J0CITiTY), 00YMOBJICHOT MOXHOKOIO BUMIPIOBaHHS, HETOUHICTIO (hikcallii pakTopiB Ha
3aJlaHUX PIBHSAX, BIUIMBOM CHCTEMAaTMYHUX Ta BUNAJAKOBUX YHUHHHKIB, IO
BUKPUBIISIOTH 3HAYEHHS MapaMeTpa ONTUMI3aIlii.

JIist 3HAXOMDKEHHS TMOXMOKH JOCTiAy, IO CKJIAJAE€ThCs 3 N TMapaelbHUX
BUMIPIOBaHb, CIIOYATKy 3HAXOAATH CEpeAHEe apu(METHYHE pe3yNbTaTiB BCIX
BHUMIPIOBAaHb B TOCIIII:

y=(y+ Vo +..+ yn)/n=(1/n)%yi- (4.2)

3rifHo 3 Teopiero WMOBIPHOCTEH cepenHe apudMeTHYHE HalOIMmK4Ie
pO3TalllOBaHE /10 ICTUHHOTO 3HAUYE€HHS BUMIpIOBaHOi BennuuHU. [Ipu N — oo cepenne
apu(pMETUYHE TOPIBHIOE ICTUHHOMY il 3HAYEHHIO.

Jlam 3HaXOJATh BIIXWICHHS KO)KHOIO OKPEMOTO BUMIPIOBAHHS Bl CEPEIHBOI
BEJIMYMHM, BC1 111 BIAXUJICHHSI MIAHOCSTH O KBaJipaTa 1 CKIaayIOTh.

Cepenne apudmeTnuHe KBaApaTiB BIAXWIECHb HA3MBAETHCS JAUCIEPCIEIO
rapaMeTpa OnTuMi3allii B JOCIIIL:

s2 =[/(n-1)>(y; - y)°. (4.3)

i=1

B npomy BHpasi N — 1 — 4yuciio cTyneHiB cBOOOIM MPU BU3SHAUYEHHI CEPEIHBO].
BoHO nopiBHIOE KUIBKOCTI CIIOCTEPEKEHb MIHYC onuHuULA. OIUH CTYIIHb CBOOOIU
BUKOPHUCTAHO JJIs1 OOUMCIIEHHS CEPEIHBON.

Kopinb kBagpaTHuMil 13 aucriepcii, B3STHA 3 JOAATHIM 3HAKOM, Ha3MBAETHCS
cepefHiM KBAaJPAaTHYHUM BiIXWiaoM, abo cTaHAaApTOM, a00 KBaJApPaTHYHOK
NOXUOKOK, 200 IPOCTO MOXUOKOIO (B HAIIIOMY BUITAJKY — MOXHOKOI0 I0CJTiAY):

s=+s? = [0 -1 (y; - 9 (4.4)

i=1

BenuumnHa S € KIJTbKICHOIO XapaKTEPUCTUKOIO (MIPOI0) TOXUOKU JOCIITY.

Tyt caig BIAMITUTH, 1O CepeaHE apu(PMETHUYHE OKPEMHUX BEJIMYMH MOXKHA
3HAXOJUTH JIMIIE B THUX BUMAAKAX, KOJMU XapaKTep PpO3MOJAUTY LUX BEIUYUH €
HOpPMaJIbHHUM.

IlepeBipka mizo3piimx 3HaYeHb mapaMerpa ontumizamii Ha Opak. Ilpu
HAsIBHOCTI pe3yJIbTaTiB BUMIPIOBAHHS, IO PI3KO BIIPIZHSIOTHCS Bij IHIIUX, MIT03P1LIl
3HAYCHHS CIIIJ TIepeBipuTH Ha Opak. POOMTHCS 1€ 32 TOMOMOTOI0 TOTO XK t-KpUTEpiro
CTploieHTa, YHUCETbHE 3HAUEHHA SKOTO € MIPOI0 3HAYyIIOCTI BIAMIHHOCTI JBOX
BEJIMYHH.
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IlepeBipka Ha Opak IZ03PLIOr0 3HAYEHHs Mapamerpa ONTHMI3AUIT Ypiioq,

MPOBOAMUTHCA Y 1’ SITh €TAMiB:
1) BIAKMHYBIIY Mi03pijie 3HAYCHHS, 3HAXOAATh CEpeTHE apu(PMEeTUIHE PELITH
3HaYeHb MapaMeTpa onTUMizalii Y;

2) pO3paxoBYIOTh AUCIEPCIIO 52 1 CTaHAapT S;
3) po3paxoByIOTh MOYJb 3HaUeHHS t-kputepito CTho/ieHTa 3a GOPMYJIIOL0:

tp03p. = ‘(yniHOSp. - y)/S‘ : (4.5)

4) 3HaxomaTh TabiuuyHe 3HaueHHs {-kpurepito CThIOJEHTA BIAMOBITHO [0
Yucya CTyNeHiB CBOOO M MPU BU3HAYEHHI Y |

5) MOPIBHIOKOTE 1. 3 trg, @ AKWO U0, >1,6,, TO MIO3pine 3HAYCHHS €

OpakoM 1 HOro BIJIKMJAIOTh; B MPOTHIICKHOMY BHUIIAJKY IMIJO3PUIMI pe3ysbTaT HE €
OpakoM 1 HOro ciij BKJIIOYUTH JO YKCJIAa 3HAYEHb, 3a SIKUMH 3HAXOJATh CEPEIHE
apu(pMeTH4IHe, TUCIIEPCIIo 1 CTaHapT.

Hpukaan. I[lpu pociimkeHHI Tpolecy KOpo3ii YOTHPU  MOBTOPHUX
BUMIpPIOBAHHS MapaMeTpa ONTUMI3AIli Janu HacTymHi pesynbTat: 3,580; 2,370;
2,710 12,761. Pe3ynbTart nepuioro BUMIpIOBaHHs MOCTABJICHO il CYMHiB. BusicHuTH,
4H € [Iel pe3ysIbTaT OpakoMm.

[TepeBipky Ha Opak MPOBOAMMO 3T1JIHO 13 BUIIE3a3HAYEHOIO MPOIETYPOIO.

1. Cepenne apupMeTHUHE PELITH TPhOX 3HAYEHb (QYHKLIT BIATYK

y =(2,370+2,710 + 2,761)/3 = 2,613.

2. Crangapt

s = [Y(3-1)](2.370-2,613) + (2,710 2,613)? + (2,761 2,613)* | = 0,17

3. Po3paxynkoBe 3Hauenns t-kpurepito CThloJieHTa

toosp. = (3580 —2,613)/0,17 = 5,69.

4. Tabnuune 3HaueHHs t-xpurepito Crpromenta mpu f =3-1=2 (7qus.
J0JaTOK 2)

tn = 4303

OCkinbKH 05, > 146, , MTO3pLIHIA pe3yibTaT 3 fiMoBIpHICTIO 0,95 € Opakom.

IlepeBipka omHopinHocTi aucnepciii maocaigiB. [Ipu BuzHaueHH1 aucnepcii
BIJITBOPIOBAHOCTI E€KCIEPUMEHTY MOXKE TPANMMUTUCh TaK, IO JUCIEPCis SIKOTOCh
JOCITITYy CUJIBHO BIAPIZHSIETHCSA BiA AMCHEPCIi pemTH AOCHiIIB. B Takux BHUmaakax
CJIiJT BCTAHOBUTH, UM 3HAYYIIO 11 AUCTIEPCIs BIIPIZHAETHCS BiJl CEpeTHBOAPHUPMETUIHOTO
3HAYEHHS PEIlTH TUCHEepCId 1 SKIO TaK, TO MPU YCEpEeTHEHHI AHUCIepCidt naHy
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aucnepciro Tpeda BIIKMHYTH a00 BXXKHUTH 3aXOIB 11010 3a0€3MEeUeHHS OJHOPITHOCTI
JTUCIIEPCIH.

[TepeBipka 3HaUyMIOCTI BIAXUJICHHS JIaHOI TUCTIEPCii Bl CEPEIHHOTO 3HAUCHHS
pelTy Iucnepcii, abo, 1HIIUMU CJIOBaMH, IMEpPEBipKa AWCHEPCid Ha OJHOPIIHICTH
IPOBOJUTECA 3a nonomoroto F-kputepito P. ®@imepa (momatoxk 3). Crodatky
3HAXOASATh PO3PaXyHKOBE 3HAUEHHSI LbOIO KPUTEPIIO SK BITHOIICHHS HaWOIBIION
aucriepcii 10 HahMEeHIIOoq:

I:po3p. =3 r2nax /Srznin . (46)

[ToTiM, ckopucTaBmIMCh A0oAaTKOM 3 1 3HadeHHamu BemmamH f; 1 f,, axi

I[OplBH}OIOTB qHucjiaM CTYHCHIB CBO6OI[I/I IpH BI/I3Ha‘—IeHH1 BlI[HOBlI[HO I[I/ICHepCII/I Smax

1 Smm , 3HaXOAATh TabnuuHe 3HaueHHs F-kpurepiro Pimepa F 4, -

Skmo F >F

Jlaii mopiBHIOIOTH MiX CO00I0 BenuyuHU F 1 F voap. > Fragn

po3p. TalduI. *
JCTIepCii HEOAHOPI/HI 1, HaBIAKH, IpH F,, < F .5, BOHH € OHOPITHUMH.

Hpuxknax. BuzHauuTu, 4 € OOTPYHTOBAHOKO TiMOTE3a IMPO OJHOPIAHICTH
JCTIepCiit, KO S2g, =5,14; n, =7; f, =6; 52 =0,324:n,=6; f, =5
3HaX0AMMO PO3paxyHKOBe 3HaUeHHs F-kputepiro 3a hopmyioro (4.6):

Fp03p. = 5,14/0,324 =159

BusHavaemo Tabnmune 3HaueHHs1 F-kputepito (iuB. mopartok 3) npu f; =7-1=6 1
fz = 6 - 1 = 5

F

TabIL.

=5,0.

Ockinbku F,oy, > Fry6, , AMCTIEPCIT HCOTHOPIAHI.

Kpurepiit P. ®imepa pekoMeHIYeThCS BUKOPUCTOBYBATH B THX BUMAJKaX,
KOJIU KUJTbKICTh TIOPIBHIOBAHUX JHUCTIEPCIH TOPIBHIOE JBOM.

K10 1 KUTBKICTh OUIBIIE IBOX 1y KOXKHOMY JIOCHII OYJI0 OJTHAKOBE YHUCIIO
MOBTOPHUX CIOCTEPEKEHDb, TO MOXHA CKOpUCTaTUCh KpuTepieM Koxpena [2].

VY BUMaNKy, KOJU KUIbKICTh MOPIBHIOBAHUX JUCIEPCId OUIbIIE JBOX, a YUCIO
BUMIpIOBaHb B JIOCHIIaX pi3HE, MOKHA BUKOPUCTOBYBATH Kputepiit baptiepa [2].

OcranHl JBa KpuTepii HE PO3IIIAJAIOTHCS uYepe3 CKIIAJIHICTh KOPUCTYBaHHS
HUMH, a TakoX ToMy, 1o kputepiii dimepa moxke OyTH B Haroai i1 TOAI, KOJIU
KUIbKICTh TOPIBHIOBAHUX AMCIEpCid Ouible JBOX. SIK 3a3HAUYEHO BHILE, B LIbOMY
BUITAIKY ~PO3PAaXyHKOBE —3HAUCHHS F-xputepito 3HaxoIATh K BIJAHOIICHHS
MaKCUMaJbHOI JAMcrepcii 1O MIHIMalbHOI 1 MOPIBHIOIOTH HOro 3 TaOJIMYHUM
3HaYEHHSIM JAHOTO KPUTEPII0 NpU BIAMOBIAHUX YHUCIAaX CTyMeHiB cBobomu. Ilpu

Fpogp. > F .6, AUCIEPCli HEOMHOPiMHI. SIKIIO X Fpo3p < F_6., TO BCl aucmepcii

OJTHOPI/IHI, TOMY IO PI3HUIIA MIX PEIITOI TUCIIepCii Oyzae Iie MEHI 3HAYyIIolo,
HIDXK PI3HULS MK MAKCUMAJIBHOO 1 MIHIMAJIBHOIO TUCTIEPCISIMU.
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Sxmo aHami3 mMokKaszaB, IO JWCIIEPCli mapameTpa omTuMizaiii B Jociigax
HEOJHOPIJIHI, TO JJIi BUIPABJICHHS CTAaHOBHIIA CJiJ 3MIHUTH MaciiTald IMapaMmeTpa
ontuMizarllii. Lle o3Hauae, 1110 B IKOCTI HOBOTO MMapaMeTpa ONTUMI3aIli Tpeda yBeCTH,
HaNpUKIIaJ, KOpiHb KBaApaTHUH ab0 Torapudm Bij MONEPETHHOTO MapamMeTpa.

JAucnepcis mapaMerpa onrtuMisamii ekcnepuMeHTy. Buie po3misiHyTo
NUTaHHS PO BU3HAYCHHS UCHEpcii mapaMerpa ONTHMi3allii B TOMY YH IHIIOMY
J0CHil, TOOTO B OKPEMOMY TOPHU30HTAILHOMY BEKTOP-PSAAKY MATPHIll TUIAHYBaHHS
excriepuMenTy. OHaK, 4acTo HEOOX1IHO 3HATH JUCHEPCiI0 MapaMeTpa OnTUMi3allii
BCHOTO CKCIIEPUMEHTY, SKMA BKJIO4Yae Bcl mocmiam. Ll 3arampHa amcmepcis
HA3WBAETLCS IIC AMCIEPCi€l0 BiATBOPIOBAHOCTI ekcnepuMeHTy. [lo3HawaeThcs

BOHA uepes S{2y}.
[Ipu BU3HAUEHHI S{2y} MO>KJIUB1 TPY BUIIAJIKH:

1) B kOxkHOMY fociijii OyJio MO OJAHOMY CIIOCTEPEKEHHIO, a BEJIUYHHA S{2y}

BH3HAuajaach 3a JaHUMU N TapajeibHUX BUMIPIOBAHb B IIEHTPI IIJIaHY;
2) B KOXKHOMY JIOCJIIJlI POBEJICHO MO OJIHAKOBIM KIJILKOCT1 CIIOCTEPEIKECHb;
3) KUIbKICTh OBTOPHUX BUMIPIOBaHb B KOXKHOMY AOCIIAL N; pi3HA.

B mepmiomy Bumanky aucrepcis MmapaMmeTpa ONTHMI3allli BHU3HAYAETHCSA 32
hopmyIioro:

n
2 o )2
Sly} = [1/(n =12 (yoi = o) (4.7)
i=1
ne Yoi — 3Ha4EHHs [apaMeTpa ONTUMi3alii B i-My BUMIPIOBAHHI;
Yo — CepellHE 3HAUEHHS BEIMYUHU ) B N BUMIPIOBAaHHSX.

B apyromy BUnaJaKy BEIUUYHUHY S{zy} 3HAXOMSATh 13 BUpa3y:

s, =[N -1]% 3y - % F (4.8)

i=1g=1

Jie Yiq — 3HAYEHHS MapaMeTpa ONTUMI3allii y (-My BUMipIOBaHHi i-ro nociy;
Y; — cepellHe 3HAYCHHS BEJIMYUHM Y B I-My JOCIIII;
N — KUIBKICTB TOCHIAIB;
N — KIJIBKICTh BUMIPIOBaHb B JOCII].

B TperboMy BUMAIKy AUCHEPCiIO BIATBOPIOBAHOCTI €KCIIEPUMEHTY 3HAXOJSAThH
SK CEpEJIHE 3BKCHE 3HAUCHHS TUCTIEPCii 32 PopMyIioro:

N
2
sef.
S{z}zsffl+s§f2+...+sﬁf,\, :E P 49)
y fot+f,+..+f N ’ '
1n e N > fi

i=1
Je 812 — gucriepcis 1-oro gocminy;
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— JAUcIiepcis 2-0ro JoCaiay 1 T.1H.;
f, =n; —1 — gucno cryneHiB cBobou B 1-oMy mociiji;
f, =n, -1 — B 2-0My JIOCIi/i 1 T.1H.

[Ipuknanu po3paxyHKy BEJIUYNHH ny} HaBEJICHI HUXKYE.

IlepeBipka agekBaTHOCTI MOJeJTi

PospaxyBagiiu koedilieHTH MoJiHOMA 1 OACPKABIITN TUM CaMUM MaTeMaTUIHY
MOJIeTh 00’€KTa JOCHTIKEHHS, HEOOXIHO TMepeKoHaTHCh B TOMY, IO TIpU
KOPHCTYBaHHI  OJIEp)KaHOI0  MOJEIUTI0  PO3PaxyHKOBI  3HAUEHHS IapaMeTpa
ONTHUMI3alli BIAPI3HAIOTHCS BIJ HOTO €KCIIEPUMEHTAIbHUX 3HAUEHb Ha BEJIMYUHY, SIKa
HE TIEPEBHUIIy€ TTOXUOKY eKCTIEpUMEHTY. Taka MoJieTb Ha3UBAETHCS a/IeKBATHOIO.

[lepeBipka aeKBaTHOCTI MOJIEJl IPOBOAUTHCS 3a JIOMOMOTOK0 BKE 3HAHOMOIO
HaMm F-kputepito @imepa st oOpaHoro piBHS 3HAUYHIOCTI (31€011b110TO 5%-T0).

Criouatky 3HaxOJTh pO3paxyHKOBE 3HaUeHHs F-kputepito 3a popmyoro:

Foop. = Siu /S5 (4.10)

(S Sfﬂ — JUCIIepCisl aIeKBaTHOCTI;

S{Zy} — JIACTIepCiss BIATBOPIOBAHOCTI EKCIEPUMEHTY (AMcIepcis mapameTpa
ONTUMI3aIlli B €KCIIEPUMEHTI).

Jucnepcis aneKkBaTHOCTI BU3HAYAETHCS SK BITHOIICHHS CYMH KBaJpaTiB
BIIXUJICHb MOJICBbHUX (PO3paxyHKOBHUX) 3HAU€Hb MapaMeTpa ONTHUMI3aIlli BiJl HOro
EKCIIEpUMEHTAJIFHUX 3HA4YeHb [0 YHCJIA CTYMNEeHIB CBOOOAM TMpU BU3HAYCHHI
aucnepcii agekBaTHOCT. lle umcino cTymeHiB CBOOOIM JOPIBHIOE PI3HUIN MIXK
KUTBKICTIO JIOCHIJIIB B ©KCIEPUMEHTI 1 KUIBKICTIO KOCQIIIEHTIB IOJIHOMA

MaTeMaTHYHOI MOJIEII.

ax» AK 1 TIPH 3HAXOJKEHHI S{Zy},

1) B KO’)kHOMY J0CIili OyJIO MPOBEEHO JIMIIE IO OJHOMY CIIOCTEPEKEHHIO, a

HpI/I BHU3HAYCHHI S MO>KJIUBI TPU BUIIAAKH:

2 . .
BCIIMYHNHY S{ SHaXOJWJIN TII0 JCKUIBKOX CIIOCTCPCIKCHHAX B NLCHTP1 IIJIAHY

y}
EKCIICPUMEHTY;
2) B KOXKHOMY JIOCJIIJIl YHUCIIO CIIOCTEPEIKEHB OYJI0 PI3HUM (ni =var,n; > 1);

3) B KO>)KHOMY JToCimiai OyJsia oJfHa 1 Ta K KUIbKICTh CIIOCTEPEKEHB N, TPUIOMY
n>1.
B mepromy Bumanky aucnepcito ageKBaTHOCTI 3HAXOMTH 3a (hOPMYJIOH0:

Sazzl = (1/ f )%(yi,ekcn - yi,p )2 ) (411)

ne f=N-> a; —4uMCIO CTyNEHIB CBOOOAM P BU3HAYEHHI TUCIIEPCii aeKBaTHOCTI,
Yiexen 1 Yip — BIUINOBIJHO, EKCHEPUMEHTAIbHE 1  PO3PAXYHKOBE 3HAYEHHS
napameTpa ONTUMI3aIlii B i-My JTOCIHIII;
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N — KUIBKICTH JOCIIIIB;
> a j —cyma Koe(]iIi€HTIB MOJICI.

Tak, HampukiIam, SKIO OYJI0 MPOBEASHO 8 MOCTiAIB IuaHy 2%, 1Mo ogHOMY

CIIOCTEPEKEHHIO B KOXKHOMY JIOCTii, 1, KpIM TOTO, B HYJbOBIM TOYIl MOCTaBieHO 4

napajieIbHIX BUMIPIOBAHHS TSI BU3HAYCHHS s{zy}, TO TIPH JIHIAHIA MOJeT

y=a,+aX +3,X, +aX; +a,X, (Xa;=5) f=N-Ya;=8-5=3.

[TapanenbHi CrIOCTEpeXEHHS B IIEHTPl IUIaHY MPU LBOMY HE BPaXxOBYIOTHCH,
TOMY I1I0 BOHM HE BUKOPHUCTOBYIOTBHCS MPU PO3paxyHKy Koe(ilieHTiB MaTeMaTHUHOT
MOJIENL.

B npyromy BUnaaky BeJIM4HUHY Sfﬂ 3HaXOJATh 3a (POPMYJIOIO:

Sfa = (1/ f )%ni (yi,eKcn - yi,p )2 . (412)

Tperiif BUNIAJOK € OKPEMHUM PIZHOBUJIOM TMOMEPETHBOTO, KOJM KOHCTAaHTy N
(4UCIo CIOCTEPEKEHb B KOXXHOMY JOCHIJ1) MOXHA BUHECTH 3a 3HAK CyMHU (IUB.
noriepeHio popmyiy (4.12)):

S:zl = (:I/ f )ng(yi,emn - yi,p )2 . (413)

i=1

[Ticyist BU3BHAYEHHS BEIUYUHU F, . 3HAXOJATh TaOJW4YHE 3HAYeHHs F-kpuTepito

posp.
®imepa (auB. momatok 3) mpu uuciax cryneHiB csodomu f; 1 f,, sxkumu € uncna

2

CTYNEHIB CBOOOAM NPH BHM3HAYEHHI, BiINOBIIHO, AUCHEPCIi aAEKBAaTHOCTI S, 1

aucnepcii BIATBOPIOBAHOCTI €KCIIEPUMEHTY S{Zy}.

HaperuTi, OpiBHIOIOTH MiXK 00010 BelMnHN Fyo. 1 Fry6; . SIKIIO BUSBATBCS,

mo F > F TO MaTeMaTU4Ha MOJEJIb HEaJeKBaTHa. B mpoTuiexHOMY

po3p. TabII. >

BUIAAKY (Fpogp_ < FTa6H.) MOJENb € aICKBATHOIO.

3 npuBoay dopmyi (4.7)...(4.13) caig 3poOMTH HACTymHE 3ayBakeHHS. Yum
OUTbIIIE YHCIIO TapajelbHUX CIOCTEPEKEHb B JOCHIJIaX, TUM MEHIIE JIUCTEePCis
BIITBOPIOBAHOCTI €KCIIEPUMEHTY 1 OlIbllEe JUCIEpCis aJieKBaTHOCTI, OTKe OuIblle

BenmuuuHa Fo. . A 1e o3Hadae, MO MO PI3HHUII MDK EKCHEPHUMEHTAIbHUMH 1

PO3paxXyHKOBUMH 3HAYCHHSIMHU TapaMeTpa ONTHUMI3allii BUMOTH MPHU I[LOMY CTalOTh

OLIBII YKOPCTKUMH, IO 1 IPOSIBIIAETHCS LUISIXOM 3POCTAHHS BEIUIHHA F () .

Cnig 3ayBaKuTH, L0 MHpU N; =Var pO3TISHYTUH METOJ PO3paxyHKy
Koe(iIieHTIB MaTeMaTUYHOT MOJIENl, CTPOTO Ka)Ky4H, CTa€ HENPHUIATHUM, TOMY IO
MaTpUllsil TUIAHYBaHHS EKCIIEPUMEHTY BTpava€ BIIACTUBICTh OPTOTOHAIBHOCTI. B
IIbOMY BUIAJKy KOe(]iIllIEHTH TMOJIHOMAa MOBHUHHI PO3PaxOBYBAaTHUCh 3a IpaBUJIAMU
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perpeciitHoro anamizy. [Ipukiaau Takux po3paxyHKiB MOXHaA 3HalTH B poOoTax [6],
[2] Ta iHImHX.

IlepeBipka 3HauymocTi koediuicHTIB

[TepeBipka 3HauymOCTI KOE(MIIIEHTIB MOJIIHOMIAJBHOI MaTEMaTHYHOI MOJIEII
IIPOBOJIMUTHCS 3 METOIO 3’SICYBaHHS, SIK1 3 KOS(DIIIEHTIB PIBHIHHSA Y = f(Xl, Xo yeey xn)
MO’KHA BITKUHYTH K HE3HAUyIll 0€3 BTpaTH TOYHOCTI PO3PaxyHKIB 32 MOJAEILIIO.

[TepeBipka 3HauymiocTi KoedilieHTIB MoOxe OyTH 3J1HCHeHa JBOMa
PIBHOILIIHHUMHM CTIOCOOaMHM:

1) 3a JOMIOMOT010 JOBIPYUX 1HTEPBATIB;

2) 3a t-xputepiem CTbIOJEHTA.

3a mepmuM CrmocoOOM CHOYaTKy pO3PaxoBYIOTh BEIMYHUHY JOBIPYOTO
1HTepBaITy 32 POPMYJIIOIO:

Aa=xtts [N, (4.14)

[2 [.2 ..
e Siy) / VN = Siy} / N =./S; =S, — CTaHIapT 4u KBaJpaTU4Ha MOX1OKa KoepilieHTa

perpecii, 3 IKOI0 MOPIBHIOETHCS TOBIPUUIA IHTEPBAI;
t — Tabnnune 3HaueHHs t-kputepito CThIOACHTA, 1110 BU3HAYAETHCS 32 JOTIOMOT 010
YyCciia CTYMEHIB CBOOOAM, MPHU SIKOMY 3HAXOAWIACHh IUCIEPCis BIATBOPIOBAHOCTI

rnapaMeTpa onTuMiszaiii S {Zy}.
Sx BuaHO 13 Bupasy (4.14), s 1aHOTO KOHKPETHOTO €KCIIEPUMEHTY TOBIPUHIA

iHTepBaJI Aa — BEJIMYMHA OJIHA 1 Ta 3K JJISI KOXKHOTO Koe(imieHTa MOJIei, OCKIIbKH t,
S(y) 1N — 1151 3a1aHUX YMOB € KOHCTaHTaMH.

BusnauuBim noBipuMii iHTEpBai, MOPIBHIOIOTH 13 HUM KOKHUM KOE(IIIEHT
Mozeni. KoedimieHT BBaKaeThCs HE3HAUYIIUM, SKIIO HOro MOIYJb MEHIIE 3a
BEJIMYUHY JIOBIPUOTO IHTEpBaTY. B npoTuiekHoMy BUIAIKy KOSDIIIIEHT € 3HAYYIITIM.

Hpuxknan. 3a pgannvmu  [IOE 2° oJcp)KaHa MaTeMaTu4yHa MOJENb
y =88,0—-2,0x; —4,5X, +0,5%;X,.  [lucmepcisi  BiATBOPIOBAHOCTI  MapameTpa
onTUMI3allli, 3riAHO 3 IM’SThMa BUMIPIOBAHHSIMU B HYJIBOBIA TOYIIL, S{Zy} =0,625.

[lepeBipuTH 3HaUYMIICTh KOS(IIIEHTIB MOJIEII.
Po3BsizaHHs.
1. Crangapt

Sy} =+/Shy =+/0,625=0,79.

2. Tabnuune 3HaueHHs t-xpurepiro Crteromenta npu f =5-1=4 (nus.
JTOAATOK 2)

tTa6J'I. = 2,776 '
JloBipuwii iHTepBa 3a Gpopmysioro (4.14)
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Aa =2,776-0,79/\/4 =11.

[TopiBHsiBIIM Aa 3 KoedilieHTaMU MOJIEN1, pOOMMO BUCHOBOK, 1110 KOE(IIIEHT
a;, = 0,5 He3nauymmii, 60 BiH MEHIIUI 3a JOBipuMil iHTEepBal. Pemra koedilieHTiB

€ 3HAUYIIUMHU.

[Ipu BUKOpHCTaHHI APYroro cnocoly sl KOKHOTO KoedirieHTa MoJIenl CIiij
po3paxyBatu BenuuuHy t-kputepito CThIOJIEHTa 1 TOPIBHATH ii 3 TaOIMYHUM
3HAYEHHSIM IHOTO KPUTEPIIO ISl YUCIIa CTYIEHIB CBOOOIH, NP SKOMY BH3Ha4yanach

JUCIiepCis S{zy} .

Po3paxyHkoBe 3HaueHHS t-KpUTEpito 3HAXOAATH 3a (HOPMYJIOTO:

tponn. = 5]/ /5%) /N (4.15)

ne ‘a j‘ — MOAYJIb j-ro Koe(ilieHTa, M0 MNePeBIPSAETHCA Ha 3HAYYIIICTh.

B 3nameHHuky mpaBoi uyactTuHM BuUpazy (4.15), 3rigHO 3 MOMEpEeaHIM,
3HAaXOJUThCS KBaJpaThuyHa MoxuOKa KoedilieHTa perpecii S, .

Koediuient perpecii Oyae HesHadymum, Ko t,,,, <t 1 3Ha4ymUM — B
MPOTHIICKHOMY BHITAJIKY.

Hpuxkaan. [ng ymMOB MONEPEIHHOTO MNPUKIAAY PO3paxoBaHE 3HAYCHHS I-
KpHUTepito s koedinieHTa a5 = 0,5 3a popmyoro (4.15)

toosp. = 0.5/1/0,625/4 =1,27.

Tabnuune 3Hayenns t-kpurepito npu f =5-1=4
tTa6J'I. = 2,776

Ockinbku 1, <l,6,, KoedimieHT &8, =0,5 € He3HauymuM, i OCTaHHIM
JTIOJIAHKOM TOJIiHOMA 0€3 BTpaTH TOYHOCTI MOJIEJIl MOXKHA 3HEXTYBaTH.

Jlns xoedirienTta \al\ =20

toosp, = 2/+/0,625/4 =51,

a TaGuuHe 3HaueHHs — Te came (t,,s, = 2,776).

Ockinpku t >t Koe]iIieHT ‘al‘:2,0 € 3HauymuM. KoeditieHTn

po3p. Tabm.»
ay =880 1 \az\ = 4,5 € 3HaUyIUMU TUM OlJIbILIE.

Sx Gaunmo, obmmBa CrOCOOM MEPEeBIPKU 3HAYYIIOCTI KOS(DIIIEHTIB MalOTh
OJIMH 1 TOM K€ pe3yJIbTarT.
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Ipukaax 1. O6podka JaHUX AKTHBHOI'0 €eKCIIEPUMEHTY

3apaannsa. IlpoBecth  00poOKy  JaHUX  TOBHOTO  JBO(AKTOPHOTO
CKCIIEPUMEHTY, 3JIHCHEHOTO 3TiJHO 3 MaTPHIICI0 TUIAHYBaHHS, IMPEACTaBICHOKI Y
BUrIAnl Ta01. 4.2.

Ta6uurps 4.2 — MaTpyLs IUIaHYBaHHS CKCIICPHMEHTY 2°

HO(J:\JII_iHy Xo X, Xo | XXy Y1 Y2 Y3 Yo | Veaen | Yp.
1 + + + + 18,3 | 184 | 18,2 |21,0| 18,3 | 18,3
2 + — + — 16,8 | 16,6 | 16,4 | 18,0| 16,6 | 16,5
3 + + — — 14,1 | 140 | 142 |145| 142 | 141
4 + — — + 12,0 | 12,3 | 12,2 |12,4 12,25 | 12,3

HMucnepcii gocaigiB. B gocnigl Ne 1 pe3ynapTaT 4yeTBEpTOro BUMIPIOBAHHS €
M1I03pUINM, TOMY NEpEBIpIEMO Horo Ha Opax.
CepeiHe 3HAYCHHSI PE3YJIBTATIB PEIITH CIIOCTEPEKEHb 3a (hopmMytoro (4.2)

y, = (18,3+18,4+18,2)/3=18,3.
Jlucriepcis mapaMmeTpa onTumisariii 3a popmyioro (4.3)
s? = |18,3-18,3) + (18,4 -18,3) + (18,2-183)° |/(3-1) = 0,01.
[Toxubka 3a hopmyioro (4.4)

s, =+/0.01=01.

Po3paxynkoBe 3HaueHHs t-kputepiro CthrofeHTa (hopmyna (4.5))

t s =

posp. = 27 .

ymmnp-ﬂi_‘2L0—183|_
s, | | 01 |

Tabnuune 3HaueHHs t-kpurepiro CthrogeHTa mpu f =3-1=2

6, =4,303.

Tab.

!

Ockinbku  ty,,, >1i,6,, MAO3pinMiA pe3yabTaT BUMIPIOBaHHS MNapameTpa

onTUMI3AIlli € OpaKkoM.

B mocmigi Ne 2 mimospinoro BenmuuuHOW € Y, =18,0. Jlna mepeBipku mbOro
3HAYEHHS TMapaMeTrpa ONTHUMi3alii Ha Opak MNPOBOIMMO pPO3PAXYHKH Y Ti 3Ke
MOCJTIIOBHOCTI, 110 1y gociiai Ne 1:

y, =(168+16,6+16,4)/3=16,6;
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s2 = |16,8-16,6)° + (16,6 -16,6) + (16,4 ~16,6)° |/(3—1) = 0,04;
I, =/0,04 =0,2;
50, = (Vuiosp. — V2 )/S2 = 18,0-16,6)/0,2 =7;
t" . =4303.

Ockinpku t7 . >t”

posp. > Lragn. » MO3PUIMHA PE3YIIBTAT TEX € OPAKOM.

B nocaimax Ne 3 1 Ne 4 mimo3pinux 3HaueHb MapamMeTpa ONTHUMI3allii HEMae,
TOMY IIPOILEAYypa BU3HAUCHHS JUCTIEPCii 1 TOXHUOOK CIIPOIIYETHCS:

Vs = (141+14,0+14,2+14,5)/4 =14,2;
s2 = |141-14,2) + (140-14,2)° + (14,2-14,2)° + (14,5 -14,2)? |[(4-1) = 0,047;
s, =4/0,047 = 0,216
Vs =(12,0+123+12,2+12,4)/4 =12,25;
s2 =[(12,0-12,25) + (12.3-12,25) + (12,2-12,25)? + (12,4-12,25)° |[(4-1) = 0,03;

sS4 =+/0,03=0173.

Busznavennsi koediuieHTiB mosinoma. KoedirieHTn mojiHOMIaJIbHOT MOJIeTi
BH3Ha4YaeMo 3a hopmyiioro (4.12):

ap = (18,3+16,6 +14,2+12,25)/4 =1534;
a, =(18,3-16,6+14,2-12,25)/4 = 0,91;
a, =(18,3+16,6 -14,2-12,25)/4 = 2]11;
a;, =(18,3-16,6-14,2+12,25)/4 = —0,06.
Takum YMHOM, HETTOBHUM ITOJIIHOM JIPYTOT'0 CTETICHS Ma€ BUTJISI:
y =15,34+0,91% + 211X, —0,06%; X, .
JliH1liHA MOJIE/Ib BUTJISAE TaK:

y =1534+0,91%; +2,11x,.

JIucnepcisi BIITBOPIOBAHOCTI ekcniepuMeHTy. L0 BeTWunHy 3HaAXOAMMO 3a
dopmyioro (4.9):

s{zy} =(2-0,01+2-0,04+3-0,047 +3-0,03)/(2+ 2 +3+3)=0,0331.

KBagpartnuna noxubka eKCIepUMEHTY:

S{y} =4/S1,) =+/0,0331=01819.
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IlepeBipka oaHopinHocTi aucnepcii gocaigiB. MakcumanbHa AHUCTIEPCIS
BUSBIJIACh B TPETHOMY JIOCIIJII (sg = 0,047), a MiHIMaJlbHA — B TIEPIIOMY (812 = 0,0l),
ToMy 3a (hopmyoro (4.6) po3paxyHKoBe 3HaUeHHS F-kputepito Dimepa

Foosp. = 0,047/0,01=4,7.

TabGnuuyHe 3HaYEeHHS LILOIO KPUTEPito 3riiHO 3 poaatkoMm 3 npu f; =4-1=3 1
f2 = 3 —1 = 2

FTa6J'I. = 19,2 .

Ockinbku Fpoq < Frye, , AMCHEPCIT OTHOPIHI,

IlepeBipka JiHiliHOI MoJeai Ha aJeKBaTHiCThb. BpaxoByrouw Te, MmO B
HAIlIOMY €KCIEPUMEHTI N; = Var, TUCIEpCii0 aJeKBATHOCTI 3HAXOAUMO 3a (POpMyJIOr0

(4.12). PozpaxoByemMo HeOOXimHI JUIsi I[BOTO MOJCIBHI 3HAYCHHS Iapamerpa
ONTHMI3ALli] 3T1IHO 3 JIHIHHUM NOJIHOMOM Y =1534+0,91%; +2,11X, :

Y1p =15,34+0,91+211=18,36 ;
Yo, =1534-0,91+211=16,54;
Yap =15,34+091-211=1411]
Yap =1534-091-211=12,32.

Jlucniepcist aieKBaTHOCTI
52, =[1/(4-3)]3(18,3-18,36 ) + 3(16,5-16 54 + 4(14,1-14,14)? + 412,3-12,32)? |= 0,08 .

Po3paxynkoBe 3naueHHs F-kpurepito 3a popmysioro (4.10)

Fp03p. = 0108/0,0331 =242 .

Tabnuune 3HaueHHs F-xkputepito (auB. noaarok 3) npu f; =1, f, =10

FT36J'I. =5,0.

3rifHo 3 OJEepKaHUMM JaHUMHM IOJAO0 3HadeHb F-kputepito @imepa,
Fposp. < Fragn.» OTKE JIiHIHA MOJICTIb a/ICKBATHA.

IlepeBipka 3Hauymocti KoediunieHTiB Mogeai. CKOpUCTAEMOCH CIIOYATKY

nepmuM crnocoooM. JloBipuuii iHTepBai s KOe(ilieHTIB MoJiHOMA 3a (HOPMYJIO0
(4.14)

Aaj ==tsyyy /N =+2,228-0,1819/4/4 =0,203.
IopiBHABIIY 3HAW/ICHY BEIMUYMHY A&; 3 KOKHUM 13 KOC]IIIEHTIB HEMOBHOIO

noJjiiHoma zapyroro crenens Yy =1534+0,91x; +2,11x, —0,06%;X,, poOMMO BHUCHOBOK,
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10 HE3HAUYYyIIMM € JIMIIE OCTaHHIA Koe(IUleHT &, =-0,06. Pemra koedimieHTIB
3HAYYIIII.

Tenep ckopucTaeMoCh APYTHM CIOCOOOM MEPEBIPKH 3HAUYIIOCTI KOSPIIi€HTIB.
[TepeBiprMo 3HaUyIIICTh KoedilieHTa 8y, =—0,06.

Po3paxyHnkoBe 3HaueHHs t-kputepio ansi KoedilieHTa a;, 3a (OpPMYIIOIO
(4.15)

t/osp. = 0,06/,/0,0331/4 = 0,66..

Tabnuune 3HaueHHs t-kpurepito (AuB. nogatok 2) npu f =10

traon = 2,228.

TabI.

Ockinpku  t <tiaen, KoedimieHT a5 =— 0,06 € He3HayyumMm, TOOTO

po3p.
OJIeprKalii TOM e caMUi pe3yJIbTar, 10 1 3a MEePIIUM CIIOCO0OM.
[lepeBiprMO aHAIOTTYHO 3HAYYIIICTH KoedimieHTa a; =0,9:

thosp. =0,9/,/0,0331/4 =9,89 .

TabnmyHe 3HaYEHHS t-KpI/ITepiIO 3aJIMIITA€THCS TUM 2KC:

tlan = 2,228.

Taom.

VY 3B’43Ky 3 TUM, IO B JAHOMY BHHOAAKYy t >t 60, KOEDimieHT a; =09 €

po3p.
3HAYYIIHAM.

Pemra koedimienTiB (a, =15,3; a, =2,1) Ounbi 3a koedirient a; = 0,9, Tomy
BOHH THM O1IBIIIE € 3HAUYIIIUMHU.

Sx Oaunmo, oOuWIBa CHOCOOM TEPEBIPKM 3HAUYMIOCTI KOEQIIIE€HTIB
MaTeMaTHIHOT MOJICI TafOTh OJMH 1 TOM K€ pe3yJIbTar.

Ilpukaan 2. Po3po0dka onTUMAaJBLHOIO CKJIALY CyMini
METO/I0M IJIAHYBAHHS AKTHBHOI'0 €eKCIIEPUMEHTY

3apnanns: «Bu3HaueHHA ONTHMAIBHUX TapaMETPiB  CyMIIICNPUTOTYBaHHS
CTEP>KHEBOI CYMILII.

KoMnoHeHTH cyMmimni: MICOK KBapLOBHUM; CyJIb(ITHO-IPIAOKbOBA Opakka
(Cb); 3akpimttoBau kyooBi 3anuiiku (KO); Bosiora; cTaH CyMillli — CyXHil.

AHaJi3 3aBIaHHA

OpepxaBmM  3aBAAHHS, CTYJEHT TIOBHHEH 4YITKO BH3HAYUTH BMICT
KOMIIOHEHTIB Yy CyMilli, 00 MIIHICTh 11 y cyXoMmMy cTaHl Oyna HaiOUIBIIOL.
BiamoBinHo, cunmpHOMIFOYMMH (DaKTOpaMyd HA TapaMeTrp OnTuMizarlii (MIIHICTh Y
CYXOMY CTaHi) OyJyTb HACTYIIHI:

a) BMICT KOMITOHEHTIB Yy CyMIIIIi;

0) TemriepaTypa CyIIiHHS 3pa3KiB;

54



B) Yac MepeMilryBaHHs KOMIIOHEHTIB CyMillll B 1a00paTOpHUX OIryHax.

[3 3aBmaHHS CIigye, MO CyMIII CKIAAA€ThCA 3 YOTUPHOX KOMITOHCHTIB.
Bignosigno, B cymimn ix BMmicT aopiBHIoe 100 %. Hezane:xHMMU KOMIIOHEHTaMH 3
YOTHUPHOX OYIyTh TPH, OCKUIBKU OJIMH 3 HUX BU3HA4Ya€ThCs 3a pisHuIeo 100 % — (xi+
+ X, + x3)% = a0 %, ae x1, X2, x31 0o — BMicT y cymimi micky, CJIB, KO 1 Boau.

B 3B’s13Ky 3 1tuM, HEOOXi1THO BCTAHOBUTH, KM 13 KOMIIOHEHTIB CyMimli Oye
BHU3HAUATUCS 3a pi3HHIEI0. J[OIIBbHO B SIKOCTI TakOro KOMIIOHEHTa NPUHHATH
kBapuoBuit micok. [Toznaunmo Bmict C/1b y cymimii uepe3 x;, KO — uepes x,, Boau —
gyepe3 x3. Lol BMICT y cymiti kBaprioBoro micky o = 100 % - (x; + x, + x3)%.

OobsacTh BU3HAYECHHA (PaKTOPiB

JIyist BcTaHOBJIEHHST 00J1acTi BU3HAYEHHS (PAKTOPIB 3aJIydaeThbes anpiopHa (10
nociigHa) iHGopmaris. Skmo Taka iH(OpMalis BiACYTHS, OOJacTh BHU3HAYCHHS
(baKTOp1B BCTAHOBIIIOETHCS JTOBLIBHO.

B nanomy Bunmaaky € iHdopmalis Opo CTEpKHEBI CyMillll Ha OCHOBI
kBapioBoro micky, KO, Boau. BuxopucToByroYu ii MOXHa BCTAaHOBUTH 00JIacTi
BU3HauUeHHS (aKkTopiB, HaBEJCHUX B Tabm. 4.3.

Tabmui 4.3 — Obnacti BU3HaA4eHHS (DaKTOPiB

dakrop, Macoga Macoga Bosora Yac Temneparypa

YMOBHE JacTKa JacTKa W% NEepEeMILTyBaHHs, |  CYIIHHS,
no3naueHus | CIb, % KO, % ’ T,XB te, o
Kox X1 X X3 X4 X5
O6nacThb 2+1 2+1 4+1 10+3 200 £ 30
BH3HAUCHHS

Ha migcrasi ta6m. 4.3 ckinamaemo Tad. 4.4 yMOB €KCIIEPUMEHTY.
Tabnuisg 4.4 — YMOBH €KCIIEPUMEHTY

daxrop, Yac Temmneparypa

YMOBHE CIb, % KO, % BOH(g/za W, HepeMilllyBaHHs, |  CYIIiHHS,
MMO3HAYEHHS T, XB te, °C
Kon X1 X2 X3 X4 X5
OcroHHi 2 2 4 10 200
piBeHb Xjo
Inrepsar 1 1 1 3 30
BapifOBaHHS
BepxHiit
piserb (+1) 3 3 3) 13 230
Himriit 1 1 3 7 170
piBeHb (-1)
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MaTpuus miaHyBaHHS

3 T1abi. 4.4 BUIHO, 11O YMCIIO HE3AICKHUX (aKTOPIB JOPIBHIOE I’SATH. YHCIIO
nocniaie N mpu peanizaiii moBHOro ()akKTOPHOTO E€KCHEPUMEHTY PO3pPaxOBYIOTh 3a
hopmyIioro

N = 2K,

7ie 2 — YUCJI0 PIBHIB;
k — gmcio HesamexHHX (akToOpiB; B JaHOMy Bumaaky K =5; N = 2° = 32,

Jlist BuKoHAHHS 32 AOCTiAIB HEOOXITHO BUTPATUTH Oarato Jacy i MatepiaiB.
Tomy peanizyemo apoOHuii ¢akropHuii ekcriepumenT. [Ipu oMy BpaxoByeMO, 110
MIHIMAQJIbHE YHCIO JIOCHIJIB MOBMHHO OyTH HE MEHIIE, HIXK YUCIO KOE(IIIEHTIB
[MOJIIHOMA ILJIFOC OUHHUIIA.

B nanoMy BuIajgky MIHIMAQJIbHE YMCJIO JOCIHIJIIB JOPIBHIOE 7. 3 BpaxyBaHHSM
[IOT0 MPUUMAEMO Y4-pEIlTiKy 3 UMCIIOM JOCTIIB

N =2°%2=8,

JUid ckiagaHHs MaTpUIll IUIaHYBAHHS HEOOXI1JHO 3HATU CUCTEMY 3MILIYBaHHS
e(eKTIB, 0 33JA€EThCS BU3SHAUHUM KOHTPACTOM.

Hanpuknaz, BU3HaYHUI KOHTPACT 3aJaJIU CIIBBITHOIIEHHAM | = X; Xy X3X, = XpXgX5 -
3 HBOT'O CIIAYIOTh HACTYIIHI PIIIECHHS:

[Ticist BCTaHOBJIEHHS CITIBBIJIHOIIEHHS, CKJIQJIEMO MATPHUIIO IUIAHYBaHHS B
KOJIOBOMY MacIiTadi, sika HaBeJIeHa B Ta0. 4.5.

Tabnuusg 4.5 — [lnan ekcnepuMeHTy B KOJIOBOMY MacIiTadi

HOMep X0 Xla )Cgb )Cgc X4 = X1X2.X'3d X5 = X2X3e YMOBHHUi
Aocnay 3aIHC

1 + + + + + + abcde

2 + - + + - + bce

3 + + - + - - ac

4 + - - + + - cd

5 + + + - - - ab

6 + - + - + - bd

7 + + - - - +

8 + _ _ _ } " ade

3B’A30K M1 KOJOBHUMH 1 HATYpPAJIbHUMH 3HAYEHHSMH (PAKTOPIB OMHUCYETHCS
HACTYTHUMU PIBHSHHSIMH:

CAb,%|—-2% KO,% |- 2%
[cbo%]-2% . | _[KO%]-2%.

! 1% rT2 1%
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st[w,%]—4%; X, [t ]-10 ’

1% 3

o _ltocl-200°
° 30°%Cc

3pobuMo nepeBipKy MPaBUIBLHOCTI KOJIyBaHHS PiBHIB ()aKTOPIB:

a) nns BMicty CJ1b:
o . 3-2 _
BEPXHIU PIBEHD X; = o +1;
o 1-2 _
HIO)KHIM PIBEHb X; = N -1,
0) ms Bmicty KO:
o . 3-2 _
BEPXHIN PIBEHD X, = - +1;
o 1-2 _
HIWKHIN P1BEHD X, = R -1;
B) i BMicTy Bojioru W:
5-4 3-4
X3 = =+1; =——=-1
T A
r) JUIS 9acy TepeMilTyBaHHS T:
X, = 13-10 S x = 7-10 _ 1
3 3
1) ISl TEMIEpaTypu CymriHas
230-200 ) 170-200
Xg=— =41, xg =" =-1.
30 300

Po3paxyHku moka3yroTh, 110 KOJyBaHHSI 3Ha4€Hb PIBHIB (PaKTOpiB 3p00JIEHO
MPABUIIBHO.

[lnan excnepuMmeHTy, HaBedeHWH B Tabn. 4.5, HagaHU B KOJIOBOMY
no3HaueHHi. i mpoBeAeHHsI TOCIIAIB HEOOX1HO 3HATH HaTypaidbHI 3HAUYEHHS
¢dakTopiB. B 3B’A3Ky 3 UMM CKJIAJAaEMO IUIaH EKCIIEPUMEHTY B HATypajJbHOMY
MaciTabil, SKUi HaBeIeHuH B Ta0I. 4.6.

Po3paxyHOK KiTBKOCTI KOXKHOTO KOMIIOHEHTa TpoBoaAnMO Ha 1000 r cymirii.
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Tabmuus 4.6 — [lnan ekciepuMeHTy B HaTypaJIbHOMY MacIiTadi

[Topsinox )
zf(l)zrii[py peamizarii KBg;;gijnﬁ X1, T Xy, T X3, T X4, XB X5 , °c
JIOCJIiIIB
1 4 890 30 30 50 13 230
2 3 910 10 30 50 7 230
3 8 910 30 10 50 7 170
4 2 930 10 50 50 13 170
5 7 910 30 30 30 7 170
6 1 930 10 30 30 13 170
7 5 930 30 10 30 13 230
8 6 950 10 10 30 7 230

PosrasiueMo nopsiaok ckinananns tadn. 4.6. J{ns npuxiagy BUSHAYMMO YMOBH
MIPOBE/ICHHS 11’SITOTO JIOCHTIY.

3 Tabu. 4.5 BugHO, 1m0 BMICT y cyMimi CIIb 1 KO 3HaxoauThcs HA BEpXHHOMY
PiBHI, BMICT BOJIOTH, Yac MEpPEMIITyBaHHs, TeMIEpaTypa CYIIiHHA — Ha HIDKHHOMY
piBHI. 3HaYeHHsS (haKTOpa HAa BEPXHHOMY DPIiBHI OJECPKUMO, JOAABIIU JO 3HAYCHHS
OCHOBHOI'O pIiBHS BEJIMYMHY IHTEpBaja BapilOBaHHS, a 3HA4YeHHs ¢akTopa Ha
HUKHBOMY P1BHI — BIIHSBIIIM Bijl 3HAYEHHSI OCHOBHOT'O 1IHTE€pBaja BapilOBaHHS.

Takum yuHOM, 7151 TI’ATOTO JOCII Ty Ma€EMO:

CJIB, % X =2+1=3%;
KO, % X, =2+1=3%;
W, % Xy =4-1=3%.

BwmicT KBapioBoro micky o =100—(3+3+3)=91%.

[Ipu po3paxynky Ha 1000 r cymimi Oyaemo matu: C/Ib = 30 r, KO =30 r,
W=30r,a=910r.

Yac mnepeMillyBaHHsI 1 TeMmIepaTypa CYLIIHHA 3pa3KiB OyayTh BiANOBIIHO
JIOPIBHIOBATHU:

1=10-3=7 xB.; t=200-30=170°C

Opepxani 3Ha4eHHA (AKTOpIB 3alHMCyeEMO y II'ATy CTPOKy Tabmn. 4.6.
AHaJIOTIYHO PO3paXxOBYEMO JaH1 BCIX OCTAHHIX CTPOK Ii€l TaOIuII.

Peanizania nociigis

BiamoBimHno 1o Tabn. 4.6 mouMHarOTh BUKOHYBaTH nociuinu. [lepmmit 3a
MOPSIIKOM ~ peaii3yloTh mmoctuii gocmia. [0 poOOTy BHKOHYIOTH B Takii
MOC1OBHOCTI.

1. 3BaXyrOTh B HEOOX1HIN KIJIbKOCTI KOMIIOHEHTH IITUXTH.

2. B naGoparopHux OiryHax 31 3BaXEHUX KOMIIOHEHTIB IPUTOTOBJISIIOTH
cTep kHEeBY cyMmil. Yac nmepemiiryBaHHs BIMOBIIHO 0 YMOB JOCHiAy ckiaaae 13 XB.

3. BUrOTOBISAIOTH 3 OAEPKAHOTO 3aMICy [EKUIbKa CTaHIapTHUX 3pa3KiB-
BiciMOK (8-10 1mT).
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4. BuroTtoBieH1 3pa3Kd PO3MILIYIOTh B CymIWwIbHMNA meui. TemmepaTypa
CYIIHHS BIAMOBIHO 10 YMOB gociiay ckiamae 170 OC. Yac CYIIIHHS TpH 3aJaHii
TeMrepaTypi y BCiX JocCiigax MpuiMaemMo 2 roj.

5. Ilicns 3akiHYeHHS CYIIIHHS T4 BUMHMKAIOTh 1 3pa3KH OXOJIOJKYIOTH 10
HOpPMAaJIbHOI TEMIIEpaTypH.

6. OXO0JIOMKeH1 3pa3Ku JOCHIHKYIOTh Ha pPO3pHUB. 3pa3Kd JOCHIIKYIOTh
NapTisIMA IO TPH 3PaA3KH.

Amnanoriuny po00OTy BUKOHYIOTh MPHU pealtizallii OCTaHHIX CEMH JOCTiIiB.

PesynbraTi qociiaiB 3anucyrOTh y Taom. 4.7.

O0podka 1ocaiTHNX JTaHUX

OuiHOeMO TOXUOKY MPOBEACHHS JOCHIAIB. AHami3 gaHux T1adi. 4.7 n03BoJsie
BCTAaHOBHUTH ONTHMAJIbHI pe3yibTaTH. BOHM 3yCcTpivaroThCsl y ChOMOMY 1 BOCBMOMY
JTOCIiTax.

Tabnuus 4.7 — Pe3ynbTaTl 1OCIAIB 3pa3KiB

Howmep MinHicTh 3pa3kiB Ha po3puB G, Mlla
pocniny | Iepmmii 3pasok | Jlpyruii 3pazox | Tperiii 3pa3ok
1 0,67 0,69 0,71
2 0,57 0,54 0,60
3 0,35 0,33 0,31
4 0,29 0,32 0,29
5 0,76 0,72 0,77
6 0,61 0,65 0,63
7 0,31 0,36 0,29
8 0,31 0,34 0,28

[TepeBipuMo Ha Opak JaHi CHOMOTO JIOCHTITY.

Hani mocmigy: 0,31; 0,36; 0,29. CymuiBuuii pesynbrar — 0,29. Ilonepennno
BUKiO4aemMo ioro. Tomi cepemne apudmMeTuyHe 3HAYCHHS MIIHOCTI 3a JIBOMA
CIIOCTEPESIKEHHSIMH, SIK1 3aTUITHITUCS

_y1+y; 031+0,36
yl = =

=0,335.
n-1

Hucnepcis gocuiay

52 (vi-v) +(y{-1)° _(0,31-0,335)* +(0,36-0,335)° _ 0.00125
(n-1)-1 2-1

Crannmapt nocmimy

S, =+/S? =+/0,00125 =0,0354
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PozpaxynkoBe 3naueHHs kpuTepito CThioaeHTa

0,29-0,335

- =-1,27
P* 70,0354

Yucno cTereHiB cBo0o 1
f=(n-1)-1=2-1=1.

[Ipuiimaemo piBeHb 3HaAUylIOCTi, kUK npopiBHIOe 0,05. 3a momatkom 2
BU3HAYAEMO TaOJIMYHE 3HAYCHHS KpuTepito CThIONICHTA.

IMpu f =110 = 0,05 t,s = 12,7; TaK sK tyy = -1,27 < tye, = 12,7, pesynbrar
0,29 He € OpakoM. AHAJIOTIYHO MEPEBIPSIOTH CYMHIBHI pPE3yJbTaTH B OCTAHHIX

JIOCIIIIax.
[IpoBeneHi po3paxyHKH MOKa3yIOTh, 10 TOMUJIKOBUX PE3ybTaTIB Y AOCIIIAX

HEMAE.
Buznauaemo cepenHe apudmeTHdHe 3HAUYCHHS MapameTpa ONTUMI3alli B

KOXXHOMY JTOCITIIL:

3 3

g, = Yo+ Y5+ Yy _ 0,57+0,54+0,60 _ 1,71 057
3 3 3

v, = Ya+ Y3 +Ys _ 0,35+0,33+0,31 _ 0,99 ~0,38:
3 3 3

u = Ya+Ya+yi _ 0,29+0,32+0,29 _ 0,90 ~030;
3 3 3

e = Ys+ Y5+ Y5 _ 0,76+0,72+0,77 _ 2,25 ~075 :
3 3 3

ye = Yo+ Y6+ Y6 _ 0,61+0,65+0,63 _ 1,89 —063:
3 3 3

Y7 = y7 +y7+Yy7 _031+0,36+0,29 _ 096 _ 0,32;
3 3 3

o = Yg+ Vg + Vg _ 0,31+0,34+0,28 _ 0,93 031,

3 3 3

Po3paxoByeMo aucnepcii i cTaHIapT KOXKHOTO JOCIITY:
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2 _ (yi-31)" +( - 30)° + (9~ %1)° _ (0,67 -0,69)° +(0,69-0,69)° +(0.71-0,69)°

s2 _ _ ~0,0004
! (n-1) 3-1
S, =[SZ =./0,0004 =0,02
2 _ 5 =9o)° +(y5 -9, +(¥5 - ¥,)* _(057-057)* +(054-057) +(0,60-057)* _ o
2 (n-1) 3-1 !
S, =+/S2 =./0,0009 =0,03
2 _ (V5= ¥a)" +(¥5 - ¥s)" +(y5-¥5)° _ (0.35-033) +(0,33-0,33 +(031-033)° _ -,
3 (n-1) 3-1 !
S = /S =./0,0004 = 0,02
o2 _ (Va—Ya)® +(va —va)* +(v4—ya)* _(029-030) +(032-030)* +(0,29-030)° _ .
4 (n-1) 3-1 !
S4=1/S? =./0,0003 =0,017
2 _(v5—-95) +(v5~¥s)* +(¥5~¥5)° _(0.76-075)° +(0,72-075)* + (0,77 -0,75) _ .
> (n-1) 3-1 !
Sg = /S =/0,0007 = 0,026
o2 _ (06— ¥6)" +(¥8 ~¥6)* +(v8 - ¥6)* _ (0,61-0,63) +(065-0,63 +(0,63-0,63 _ 1104
6 (n-1) 3-1 !
Sg =+/S& =./0,0004 = 0,02
2 _ 7 =7 +(y7 -9, +(y7 - ¥7)* _ (031-032) +(0,36-032)° +(0,20-032)* _ ..,
! (n-1) 3-1 !
S; =/S% =./0,0013 = 0,036
sz - 6= F +(v8—¥s)® +(v8 —v5)® _ (031-031) +(034-0317 +(0,28-031) _ o

(n-1)

3-1

Sg = /S =./0,0009 =0,03

Buznauaemo nucrepciio eKCrepuMeHTa:
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2 _ S2+S2+524+52+52+52+574+58
(y) N
_0,0004 +0,0009 +0,0004 +0,0003+ 0,0007 + 0,0004 + 0,0013+0,0009
8

=0,00066

MaxkcuMmaibHa Jucnepcis B CbOMOMY JOCII/II, MiHIMaTbHA — B UYETBEPTOMY.
Busnayaemo po3paxyHKoBe 3HaYeHHS KpuTepito Dimepa:

_ Sgex _S7 00013

F = -
PO g2 g2 0,0003

min

=433.

3a n0aaTkoM 3 3HAX0AUMO TabJMyHEe 3HAaYeHHs KpuTepito Dimepa.

B manomy Bumanky f, =2, f,=2.Ilpu a=0,05 F ,, = Fozlé)% =19,2. Tak sk

TabI

Foosp =433 <Fragn= F02]625 =19,2, rinore3a Mpo OAHOPIOHICTH JAUCHEpPCId He

BIJIKMIA€THCSL.
Buznauaemo koedilieHTH MaTEMaTUYHOI MOJIEI:

Vit Yo+ V3 +Ya+tYs5+Ys+Yr+Ys  0,69+057+0,33+0,3+0,75+0,63+0,32+0,31

b 8 8
— 0,4875;
b = Yi-Y2+Ys—Ya+Ys— Yo+ Y7 Vs _069-057+033-0,3+0,75-063+032-031 _
8 8
—0,0350;
b, = Yi+Y2—Ys—Va+Ys+Y6— Y7 Vs _069+057-033-0,3+0,75+0,63-0,32-031 _
8 8
- 01725
by = Yi+Y2+Ys+Ya—VYs—Y6— Y7~ Vs _069+057+0,33+03-0,75-0,63-032-031 _
8 8
=-0,015;
b, = Yi-Y2— Y3+ Ya—Ys+Ye+Y7—Ys _069-057-033+0,3-0,75+0,63+032-031 _
8 8
~ -0,0025;
by = Yi+Y2—Ys—Ya—Vs—Vo+Y7+Vs _069+057-033-03-0,75-0,63+0,32+031 _
8 8
— _0,015.

MatemMaTudHa MOJIEJIb MAa€ BUTIISA
y =0,4875+0,035x%, +0,1725x, —0,015x%, —0,0025x%, —0,015X;.

Busznauaemo aucrepcito 1 craHAapT Koe(illieHTIB perpecii MaTeMaTHYHOI
MOJIeJ1
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52
g2 _S(y _0,00066
b)) =N

=0,0000825;

S(bk) = ,/S(Zbk) =,/0,0000825 = 0,0091.

Po3paxoByeMo 10BipuMii IHTEpBAL:
Aby = TN S(pk) = T0,05,16 S (bk)

Tyt tg 0516 —TaOMMuHE 3HaYeHHS KpuTepito CThIONEHTa IPU PiBHI 3HAYYILOCTI
0,05 i umcni crymenis cBoGomu f =N(n-1)=8(3-1)=16. 3 nomatka 2 3HAXOAMMO,
IO tg o516 = 212. Toni Ab, =2,12-0,0091=0,019.

OTxe, 3HaAUyIIMMU KOE(ILIEHTAMH MAaTEMaTUYHOI MOJENl € KOe(ILUIEHTU
by, by, b,. Ocranni koedilieHTH perpecii He3HAUYyLll 1 MOXYTh OyTH BIAKHUHYTI.
MatemaTuHa MOJENb B IbOMY BUIAJKy Oy/1e MaTu BUTJISA!

y =0,4875+0,035%; +0,1725X%,
BusHauaeMo po3paxyHKOBI 3HA4€HHs MapaMmeTpa ONTHMI3alli A KOKHOTO

JTOCITITY:
Y1 posp = 0,4875+0,035(+1)+0,1725(+ 1) - 0,015(+ 1) - 0,0025(+ 1) — 0,015(+ 1) = 0,6625;

Y2 posp = 0,4875+0,035(—1)+0,1725(+1) - 0,015(+ 1) - 0,0025(— 1) - 0,015(+ 1) = 0,5975;

Y3 posp = 0,4875+0,035(+ 1)+ 0,1725(-1) - 0,015(+ 1) - 0,0025(- 1) - 0,015(- 1) = 0,3525;

Y4 posp = 0,4875+0,035(—1)+0,1725(- 1) - 0,015(+ 1) - 0,0025(+ 1) - 0,015(~ 1) = 0,2775;

Y5 posp = 0:4875+0,035(+1)+ 0,1725(+ 1) - 0,015(—1) - 0,0025(- 1) - 0,015(~ 1) = 0,7275;

Y6 posp = 04875+ 0,035( 1)+ 0,1725(+ 1) 0,015(- 1) 0,0025(+ 1) - 0,015(- 1) = 0,6525;

Y7 posp = 0,4875+0,035(+1)+ 0,1725(— 1) - 0,015(-1) - 0,0025(+ 1) — 0,015(+ 1) = 0,3475;

Y8 posp = 0:4875+0,035(—1)+0,1725(-1)— 0,015(-1) - 0,0025(- 1) - 0,015(+ 1) = 0,2825.

Po3paxoByeMoO PI3HUII0 MK PO3PAXYHKOBHUMH 1 CEPEeIHIMU apUPMETUUHUMU
eKCIIePUMEHTAIbHIMH 3HAUEHHSIMHU NTapaMeTpa ONTUMI3alli A1 KOXKHOTO JOCTIAY:
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Ay, =0,69-0,6625 = 0,0275; Ayf = 0,00075625;

Ay, = 0,57 —0,5975 = -0,0275; Ay3 =0,00075625;
Ay = 0,33—0,3525 = —0,0225; Ay3 =0,00050625;
Ay, =0,30-0,2775 = 0,0225; Ay2 =0,00050625;
Ays = 0,75-0,7275 = 0,0225; AyZ =0,00050625;
Ayg = 0,63-0,6525 = —0,225; Ay2 =0,00050625;
Ay, = 0,32 -0,3475 = 0,0275; Ay? =0,00075625;
Ayg = 0,31-0,2825 = 0,0275; Ay? =0,00075625.

Busznauaemo nucriepcito ajekBaTHOCTI. B 1aHOMy BUTIaKy B KOKHOMY JTOCIIJII
MPOBOJIMJIUCH MO TPU MapayieIbHUX criocTepekeHHs. ToMy nucrnepcito ajgeKBaTHOCTI
pO3paxoByeMO 3a GOPMYIIOI0

k
n Ay2

; n :n(Ay12+Ay§+Ay§+Ay£+Ay§+Ayg+Ay72+Ayg)=
N -b N-b

_3.(0,00075625- 4 +0,00050625- 4) 0.007575

8-6

S(Zaﬂ) =

Buznauaemo po3paxyHKOBe 3HaUeHHS KpuTepito Dimepa:

Stw 0,007575
Foop =<2 =
sZ,  0,0066

(v

=11,4773.

Busnauaemo tabnuyHe 3HaUeHHS Kputepiro Dimepa:
Fragn = FoU' 25 1yr f,=8-6=2; f, =8-(3-1)=16.

IIpu 0=0,05 Fiu6n= Fo%lf BIJTNOBIAHO 10 JnojaTka 3 nopiBHIoE 3,60. Tak sk

Foosp =114772 >Fy5, = FP32 =3,60, MaTeaTHyHa MOJICIIb HeaIeKBATHA.

InTepnperanis ogep:kaHUX pPe3yJbTATIB TA NIPUUHATTA PillleHHS

B pesynaprari 00pOOKM  JOCHIAHMX JaHUX OJEpKalM HEaJleKBAaTHY
MaTeMaTHuHy Mojaenb. lle o3Hadae, MmO TOBEpPXHIO BIATYKY HE BIAETHCS
anPOKCUMYBATH TIOLTUHOO.

Jlns HeanmekBaTHOI Mojeni He OyaeMo poOUTH pI3HHUII MK BHUIAJIKaMU
3HAYYIIMX 1 HE3HAUYYIIMX JIHIMHUX KOe(MIIIEHTIB perpecii, ToMy IO PIIICHHS IS
HUX 3a3BUYail CIiBMAIAI0Th.

B nanomy Bunaaky MoxxyTh OyTH MPUIHSATI HACTYIHI PILICHHS.

1. 3miHa 1HTEpBaJiB BapitOBaHHS 3 MEPEHECEHHSM LEHTPY TKIHHS miany. Lle
BIIOBH1 MPUIHSTHE pilieHHA. [HTepBanyu BapitoBaHHs TpeOa 3MIHUTHU IO X 1 Xp. 3IMIHY
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1HTEpBaJIiB BapiOBaHHS MOXHA JIOMIOBHUTU MEPEHECEHHSM LIEHTPY €KCIIEPUMEHTY B
yMoBax gociiaiB 1 abo 5, ski 1ar0Th HaWKpall pe3yJIbTaTu.
OpHak ciriji BpaxoByBaTH, 110 JOCHIIN TPYAOMICTKI, BUMararoTh OaraTo yacy.
2. Pyx 3a rpaaientom. lle pimeHHs B jgaHii cUTyallii BIIOBHI MOXJIUBE, TOMY
10 JIeKiIbKa JOCHIAIB KPYTOTO CXOAY BIAMOBIAA€E METI JOCSATHEHHS MaKCHMAaJIbHOT
MILHOCTI 3 MiHIMaJbHUMHU BUTpatamMu. O HAK MIPU IOMY ICHY€ PU3UK HE OJEp>KaTh
TIOKpAIICHHS pe3yiIbTaTiB.

Kpyrnii cxig

s pyxy 3a TpaJi€eHTOM BHKOHYEMO PO3PaxyHOK KpOKy. Pyx mounmHaeThCs
000B’sI3K0BO Bif OcHOBHOrO piBHA. [licna pospaxyHky ckiamaroTh ymoBu 5-10
ySBHHUX JocaiaiB. Peamizamis ABOX-TPbOX YSABHHMX JOCHIAIB 1 aHAII3 OACPKAHUX
JaHUX JT03BOJISIE BUBHAUYNUTH ONTUMYM ITapaMeTpa ONTHUMI3allli.

ETan xpyToro cxony A JaHOTO BUNIAAKY HaBeAeHUH B Ta0II. 4.8.

Tabnuusg 4.8 — KpyTuii cxij mpu onTUMI3allii CKiIaay CTEPKHEBOI CyMIII

N dakTopu, CIIE q T Miu.Hi(.:TB
0 ac
H/I‘I HIo 5/[0 § | KO, % | W, % T, X],3 eMl:,e}g éTypa, Cyﬁﬁ;m

BHBYAIOTHCS

yCKCH yDO3D

1 2 3 4 5 6 7 8 9
1. OcHoBHHUI

piBeHb X 2 2 4 10 200
2. | InTepBan

BapilOBaHHS 1 1 1 3 30

AX;
3. | Bepxwiit

piserb (+1) 3 3 5 13 230
4. | Hwxwiid 1 1 3 7 170

piBenb (-1)
5 Kon X1 Xy X3 X4 Xs
6. | Hocmix 1 + + + + + 0,69 |0,6625
7. | Hocmig 2 - + + - - 0,57 |0,5975
8 Hocmin 3 + - + - - 0,33 |0,3525
9. | Hocnin 4 - - + + - 0,30 |0,2775
10. | Hocmixg 5 + + - - - 0,75 |0,7275
11. | docmixg 6 - + - + - 0,63 | 0,6525
12. | Hocnig 7 + - - + + 0,32 |0,3475
13. | Hocmix 8 - - - - + 0,31 |0,2825
14. | b 0,035 |0,1725| -0,015 | -0,0025 -0,015
15. | bAX 0,035 |0,1725|-0,015| -0,0075 -4,05
16. | Kpok no 0,101 | 0,50 |-0,043| -0,021 -1,30

OKPYTJICHHS
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[Tponossxenns tabdm. 4.8

1 2 3 4 5 6 7 8 9

17. | Kpok micns 0.10 0,50 -0,04 -0,02 -1,30
OKPYTJICHHS

18. Pean%3OBaH1/n/1 21 25 4.0 10 200 0,65 0,5772
nociin 1

19. PeaﬂPOBaHHH 2.2 3,0 4.0 10 200 0,79 0,6670
mociin 2

20. Peaﬂ{f“OBaHHH 2.3 35 4.0 10 200 0,52 0,7567
nociina 3

21. Z/'HBHI/II/I KPOK 24 4,0 4,0 10 200 0,8465

22. | Peanisoanuid | 5 | 45 | 40 10 200 | 048 | 0,9362
nociim 5

23. YHBH.I/II/I 26 50 4,0 10 200 1,0260
nociina 6

24, yﬂBHHI/I 27 55 4,0 10 200 1,1157
Jociin 7

25. yHBH.I/II/I 28 6.0 4,0 10 200 1,2055
nociim 8

26. VsipHuii 2.9 6,5 4.0 10 200 1,2952
nociin 9

217. PeaJ'IBOBaHI/II/I 3.0 70 4,0 10 200 0,32 1,385
nocaig 10

PosrnsiHeMo netainpHile eTan KpyToro cxoay B JaHoMy Bunaiaky. Ctpoku 1-5
Ta01. 4.8 ABISIOTH COOOI0 YMOBU €KCIIEPUMEHTY, paHillle 3anucaHi B Tab. 4.4.

Crpoku 6-13 sBISAIOTH COOOIO0 MATPUIIO IUIAHYBAHHS Y4-PEIUTIKH, 3alUCcaHy
panimie B Tabn. 4.4. Tyt ke y croBmumkax 8-9 3amucadi BIJNOBIAHO CEpeHI
apu(pMETUYH1 €KCHEPUMEHTAJIbHI 1 PO3pPaXyHKOBI 3HAYEHHS MapaMeTpa ONTUMI3aLii
KOKHOT'O JIOCTITY.

B crpokax 14-17 HaBeneHuil po3paxyHOK KpOKY IJisi KOXKHOTO (pakTopa mpu
pyci 3a rpagieHToM. BUu3HauaeTbcst KPOK HACTYITHUM YHHOM.

1. B crpoky 14 HaBmpoTHM KOXHOTO (akTopa 3amucyemMo BiJIMOBITHUN
koedimient perpecii (mrst x; — 0,035; st x, — 0,1725 1 1.71.).

2. MHOXHUMO BIMOBITHUN KOE(IMIEHT perpecii Ha BIAMOBIIHUN 1HTEPBAI
BapitoBaHHs. Maemo:

s Xqby - Axg =0,035-1=0,035;

st X,b, - Ax, =0,1725-1=0,1725;
IUISL Xgbg - AXg =—0,015-1=-0,015;
i X,b, - Ax, =-0,0025-3=-0,0075;
I Xsbs - Axs =—0,015-30=-0,45.
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3. Ilpuitmaemo kxpok ans BMmicty KO (x,) npu pyci 3a rpagientom A, =0,5%.
Tomi kpoku 11 ocTaHHIX (aKTOpiB MpU pycl 3a TpadieHTOM TOBHHHI OYyTH
MPOMOPLIHHI KPOKY MPH X;. [1i1paxoByIOTh X HACTYITHUM YHHOM:

IS Xy - b, A%, _ A—z, 3BigKH Al= A2:bAX, _05-0035 0,101, okpyrisieMo Horo 0
b, Ax, Al b,Ax, 01725
A1=0]10;

_Ab, Ax, 05--0,015
b, Ax, 01725
A,b, A, 05--0,0075
b, AX, 01725
Ab, AX, 05--0,45

I Xt A = =-1,30.
b, AX, 01725

=-0,043, oxkpyrisieMo roro 10 A3=-0,04;

VIS X, D A4 = =-0,021, oxkpyrnsiemo ioro 1o A4 =-0,02;

Pyx 3a rpaai€eHTOM MOYMHAEMO BiJ OCHOBHOIO piBHA. B 3B’s3Ky 3 Manum
BIUIMBOM Ha MILHICTh CyMilll (DAKTOPIB Xz, X4, X5 CTAOUII3yeEMO IX HA OCHOBHOMY

piBHi. OTxe, BapitoBaTHCsl OyayTh TUIbKM (pakTopu X1 1 Xp. 3Ha4YeHHsS (hakTopa B
KOXKHOMY JIOCJHiJII OACPXKYIOTh NUISIXOM aire0paidHoro (3 BpaxyBaHHSM 3HaKa
KoedirieHTa perpecii) 1oAaBaHHs O OCHOBHOTO PIBHA BEJIMYMHHU KpoKy. OpeprkaHi
TaKMM YMHOM YMOBH YSIBHHMX JOCHIJIB 3aMHCYIOThCS B CTpoku 15-27. Hampukiman,
YMOBH TPETHOTO YSIBHOTO JOCIITy OyAyTh 3amucaHi HACTYITHU YUHOM:

X1,3 :2+30,1:2,3

e X 3 — 3HaYeHHs nepuoro ¢gakropa (Bmict C/1b) B TpeThOMy ySIBHOMY JOCIIL;

3 — MOCHII0BHICT YSIBHOTO JOCTIAY;
0,1 — kpok s mepiroro ¢akTopa IpH Pyci 3a TPATIEHTOM.
BiamosigHo

Xp3=2+3:05=35; X33 =4,0; X3, =10; X553 =200.

AHaNOTIYHO PO3PaXOBYIOTH 3HAUYCHHS (DaKTOPIB y BCIX ySIBHUX gochigax. Ciia
3BEpHYTH yBary Ha Te, IO 3Ha4eHHS (DAKTOpiB B YSABHHX JOCHIJax 3amucaHl B
HaTypaJbHOMY MaclITaOl.

5. B rpadi 9 3ammcani po3paxyHKOBI (OUiKyBaHl1) 3HA4YCHHS TMapaMmeTpa
onTuMizamii ysBHMX fJociiaiB. Lli BenMYuHM OJEPKYIOTh HACTYIMHUM YHHOM
(HampuKJIaI, 1151 BOCBMOTO YSBHOTO JOCJIiTY, CTpoKa 25):

a) BU3HAYA€EMO KOJIOBE 3HAUYCHHS (PaKTOPiB:
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s pakTopiB Xg, X,, Xs KOJOBI 3HAYEHHSI HE PO3PAaXOBYEMO, TOMY IO BOHU

cTab11i130BaH1 HAa OCHOBHOMY PiBHI.
6. Bushauaemo y . JUIL BOCBMOro ysBHOro jocmiay. Jis 1poro

BMKOPHCTOBYEMO PiBHAHHA . = 0,4875+0,035x, +0,1725x,; y, . =0,4875+0,035x

x0,84+0,1725-4 =1,2055.
AHaJIOT1YHO BU3HAYAIOTh ), posp VLA BCIX OCTaHHIX YsABHMX JaociuiiB. [Ipu nanii

MaTeMaTH4HIA Mojem 31 30UIBIICHHSM BMICTY KOMIIOHEHTIB X; 1 X; PO3paxXyHKOBE
3HAYCHHS MIITHOCTI CyMiIll Oy/ie BeCh 4ac 301JbITyBATUCS, 1110 € HEPEATHHUM.

7. Jns BU3HAYEHHS ONTHMAJIBHOTO CKJIAIy CYMIII peai3yeMo JeKUIbKa
ySIBHUX AOCHiAiB. sl 1IbOr0 BUKOPUCTOBYEMO METOJ «HOXHUIIb». Peamizyemo nBa
KpalHIX YSIBHUX JOCIIIN — Mepmi 1 gecsatuit (ctpoku 18 127), a moTiM HAMITUMO
iHTEepBal MDK HUMHU. s 1bOrO peanizyeMo ITSTUH YSBHUM fociis (cTpoka 22).
Onepxani excriepumeHTaibHl aani (0,65; 0,48; 0,32) HAIITOBXYIOTh HA YMKY, IO
ONTHMYM TapaMeTpa ONTHMI3alli 3HaXOAUThCS MK 3HaueHHsmu 0,65; 0,48. Jlnsa
TOYHOIO BU3HAUEHHS ONTHUMYMY pEai3yeMO IL€ JIBa YABHUX JOCHIAM — APYTHM 1
TpeTiii. MoXHa BBaXKaTH, 1110 3HAYEHHS MIITHOCTI, sike nopiBHIoE 0,79 MIla (apyruii
peantizoBaHui ySIBHUN JOCII]), € ONTUMAIbHUM.

B pe3ynbTaTi BAKOHAHOTO JIOCTIIKEHHS! BCTAHOBIICHO, 1110 HAHOLIBIIIO0 MIIIHICTIO
B CyXOMY CTaH1 BoJjojii€ opmyBaibHa cymim HacTynHoro ckiaxy: CIb — 2,2%;
KO — 3,0%; Bosora — 4,0%; micok kBapiioBuii — 90,8%.

CymMim onTuMizyBajach TUIBKHA IO MIIHOCTI B CyXOMY CTaHi, OJJHaK BOHA
ITOBUHHA BOJIOJIITH 1HITMMH BJIACTHBOCTSIMU — Fa30MPOHUKHICTIO, MIITHICTIO B CHPOMY
CTaHI, MAJIAaTIMBICTIO Ta IHITMMH BJIACTUBOCTSAMH, K1 BUCTYNAIOTh B JOCIIIKCHHI 5K
OOMEXKEeHHS.

4.2. KoHTPOJ/IbHI 3aNIUTAHHS

1. B oMy nonsirae miaroToBka J0 MPOBEACHHS €KCIIEPUMEHTY?

2. SIx BUpIiUIy€eTbCA MUTAaHHA MPO 3HAUYIIICTh PI3HUII CEPEIHIX pe3yJIbTaTiB
BUMIPIOBAaHHSA [apaMeTpa ONTUMI3ali?

3. B sxomy nopsiiKy BU3HaYa€THCS TOXUOKA TOCIHI Ty ?

4. 1o Ha3MBaeTbCAd JUCMEPCIE0, CEpPeAHIM KBaJpaTUYHUM BIAXUIOM
(cTanmapToM, KBaIPaTHYHOIO MOXHOKOIO YU MPOCTO MOXUOKOI0)?

5. B axomy mopsiiKy MPOBOIUTHCS MEPEBIpKa IMiI03PIINX 3HAYCHD IMapaMeTpa
onTuMizalii Ha Opak?

6. SIx mepeBipAETHCS OTHOPIAHICTD TUCIICPCIH TOCTiAIB?

7. Sk BU3HAYAETBHCS JHUCIIEPCIS TapaMmeTpa ONTHMI3allli eKCIePUMEHTY
(mucmiepcis BIATBOPIOBAHOCTI €KCIIEPUMEHTY)?

8. Jl7st 9oro 1 SIK MPOBOUTHCS TIEPEBIpKa aJI€KBATHOCTI MAaTEMAaTHYHOI MOJIEI1
00’eKTa DOCIKEHHA?

9. 3 sKOI0 METOI 1 K MPOBOAMTHCA TMEPEeBIPKA 3HAUYIIOCTI KOE]iIIEHTIB
Moiei?
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4.3, JaBaanus

3a METOJMKOI0, BUKIIAJCHOI B Il JabopaTopHiil poOOTi, BUKOHATH OOPOOKY
maEnx (Tabn. 4.9) excrepumenty N =22, [OpOBEICHOTO 3rigHO 3 MATPHLECHO
TJIaHyBaHHS y BUTIIsA1 Tabi. 4.2. [1i103pii pe3yabTaTi BUMIPIOBaHb MiKPECIIeHI.

Tabnuis 4.9 — 3nadeHHs napaMeTpa ONTUMI3AI] Y TOBHOMY J1BO(aKTOPHOMY
EKCIIEPUMEHTI I PI3HUX BapiaHTIB

Howmep Bapianty

Y1 V2 V3 Ya M1 V2 V3 Ya N1 Y2 V3 Y4 1 Y2 V3 Ya

1 | 25|27 | 24|31 | 78|77 | 75|83]168]|166 | 17,0 | 100 | 21,2 | 22,0 | 22,1 | 25,4

2 | 35|36 34| 42 |50 | 49 | 48 60141139 14,2 | 168 | 18,6 | 185 | 19,0 | 21,0

—r

3 18 119120219091 |88(89]103|101]102] 99 |163[159 162160

4 40 | 39 | 41 | 42 |11,8 | 11,6 |11,7 15, 120 (119|118 12,1101 | 10,0 | 9,9 | 10,2

Ne 5 6 7 8

AocI. N ) V3 Y4 Y1 V2 V3 Y4 Vi Y2 V3 Ya N1 V2 V3 Ya

1 [183 184|182 |21,0| 50 | 51 | 53 |64 08 | 09 | 08 | 15 | 134 | 132 | 131 | 158

2 | 168|166 164|180 31 | 33 | 30 | 41| 06 | 0,7 | 08 | 1,7 | 101 10,2 | 9,9 | 13,0

3 14111401142 |145] 21 | 22 | 202303 |04 |03 ]0, 98 | 95 ] 96 | 97
4 120)123 11221124119 |18 |17 |16] 10 |11 |12 |1 707117372

Ne 9 10 11 12

JOCIL M1 Y2 V3 Ya 1 Y2 V3 Ya Y1 Y2 V3 Ya 1 Y2 V3 Y4

1 |161]160 159|180 78 | 79 | 7.6 |84 | 19 | 1,8 | 1,7 | 16 | 45 | 46 | 44 | 6,0

2 18,0 181179200 50 | 49 | 48 | 61| 21 | 22 | 20 | 23 | 30 | 31 | 29 | 42

3 22010221 |12231224|90 |91 |88 (89|31 |33 3042|2021 |22]|23

4 200203204202 |118|116 11,7 |120| 51 | 50 | 53 | 65 | 50 | 51 | 52 | 50

Ne 13 14 15 16

JOCIL. N ) Y3 Ya 1 Y2 V3 Ya Vi V2 V3 Ya N V2 V3 Ya

1 70| 71172193 ]161)160159 |186| 63 | 64 | 66 | 87 | 25 | 27 | 24 | 31

98 | 95196 | 97 | 180181179 |20 | 75 | 76 | 77 | 90 | 35 | 36 | 34 | 42

2
3 10,1)102) 99 |131]201]200(210 [204] 90 | 92 | 91 | 93 |18 |19 ] 20| 21
4 13,11 13,0132 |134 12212201222 |230| 40 | 41 | 42 | 40 | 40 | 39 | 41 | 42
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JIABOPATOPHA POBOTA Ne §
nHomyK EKCTPEMYMY

Meta po6otu — [Touryk onTuMymy
5.1. 3araabHi BizomocTi

3aJieXHICTh MK TapaMeTpamMu ONTUMi3amii 1 ¢akTopaMud 4YacTo Mae
eKCTpeMabHUN XapakTep. ExcTpemanbHIN TOYIl BIANOBiAaE HaWKpaile 3HAYEHHS
napaMmeTrpa onTumizaiii (MakcumMym abo MiHIMyM), TOMY JAyX€ BaXJIMBO 3HATU
METOJM BHU3HAYEHHS KOOPJAMHAT E€KCTPEMAJIbHOI TOYKHM abo0 xoda O ONTHMAasIbHOI
00J1aCTI, sIKa € OJIM3BKOIO JI0 OCTAHHBOI.

JI1st MONTyKy ONTUMYMY Hai4JacTille 3aCTOCOBYIOTHCSI HACTYITHI METOTH:

- QHATITUYHUNA METOJI,

- meton ["ayca-3eitaens;

- TPaJIIEHTHI METOU (METOJI PYXY 3a TPAJIEHTOM 1 METOJ] HANIIBUAIIOTO CXOTy
(cmycky), abo MeTO/ KPYTOTO CXOy (CIYCKY));

- CUMILIEKC-METO/T;

- MeTOJI cxoAy (CITyCKY) 3a JllaMeTpOM eJirncoiza.

AHAJITHYHUH METO]

Skmo 3anexwicts Y= f(X,,X,,...,X,) 3amaHa B ABHOMY BHIJISI 3 ycima
Koe(dilieHTaMu, TOKa3HUKAMU CTETEHS 1 T. 1H. 1 AKIIO €KCTPEMYM ICHY€E, TO IJIsi KOTO
3HAXOKEHHsI (TOOTO Il BUBHAUCHHS KOOPJIMHAT €KCTPEMYMY) CJIiJl 3HAWTU BUPaA3U
JUIS TIePIIMX YAaCTHHHUX TOXIJIHMX BiJ BKa3aHOi (yHKII MO BCIX HE3aJICKHHUX
3MIHHUX X; 1 TPUPIBHATH iX 10 Hyns. B pesynbrari Oyme orpumana cucrema |

pPiBHSHb 3 | HEBIJOMHMH, pO3B’S3aBIIM 5Ky, MOXKHA 3HAWTH KOOpPJIWHATH
E€KCTPEMAJIbHOI TOUYKH.

VY Bumaaky, Koiu (QYHKIS BIATYKY HE Ma€ EKCTPEeMyMy, BIIIIYKYETbCS
JOKaJIbHUN onTUMYM 3a aornomororo 1K mpu BHKOpHCTaHHI METOAY CTATUCTHYHUX
BUNPOOYBaHb a00 METOTy BUTIAJKOBOTO TOIIYKY.

OyHKII0 BIATYKY [JI1 BU3HAYEHHS EKCTPEMalbHOI TOYKMA aHATITHYHUM
IIUISIXOM MOKHA 3HANUTH €KCIIEPUMEHTAILHO Y BUTIISIII, HAIIPUKIIA], KBAIPUKHU.

Meton I'ayca-3eiinens

CyTh maHOro METOJy TMOJSra€ y MOCIIJOBHOMY €KCIEPUMEHTAIILHOMY
3HAXO/)KEHH1 JIOKAJIbHUX ONTHUMYMIB B YMOBaX, KOJHM IONEPEMIHHO 3MIHIOETHCA
nuiie oguH GakTop npu (PiKCOBaHUX 3HAYEHHSX PEIITH (PaKTOPIB.

[TpunycTumo, 1110 BUBYAETHCS ABO(PAKTOPHUM 00’ €KT AOCTIIKEHHS, U1l IKOTO
MOBEpXHS BIATYKYy Mae (opmy ropdba 3 Toukoo MakcumyMmy (puc. 5.1). 3agaua
ONITHUMI3Alll] MOJISITra€e B €eKCIEPUMEHTAIbHOMY 3HAXOXKEHH1 KOOPAMHAT II€T TOUKH.
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Pucynok 5.1 — 306paenns nosepxsi Biaryky Yy = f (Xl, X2)
y dopmi ropba (a) i miHii piBHs (6)

[Tpu Bu3HaveHHi onTMyMy 3a Mmeromom [ayca-3eiinmens (muB. puc. 5.1 6)
(diKcyeTbcs OAMH 13 (PAKTOPIB, HANMPUKIAM, X, 1, HIOYMHAIOUM 3 JOBUIBHOI TOYKH L,
CTaBUTBCS JEKIJIbKA JOCIIAIB MPU X =var 100 THX Mip, NOKK He Oyae 3HalIeHO
nokanpHuM ontuMyM (Touka M). Jlami dikcyeTbes GakTop x; Ha PiBHI, IO BiJIMOBIIAE
TouIl M, 1 aHAJIOT1YHO 3HAXOAUTHCS APYTUid ToKaabHuM ontuMyM (Touka N). B Touri
N 3HOBY @ikcyeTbes (hakTOp X, 1 TOUMHAETHCA PyX B HampsMmy oci x;. Taki
MPOIIElypH TOBTOPIOIOTHCA 1O THUX Mip, TIOKM He Oyne 3HaljaeHa BIIIYKyBaHa
OINTHMaJIbHA TOYka a0 TouyKa, OJIM3bKa JI0 Hel.

Henonikom paHOro METOy € TMOPIBHSHO BEJIMKA KUIBKICTh HEOOXITHUX
JOCIIIIB, OCOOJIMBO MPH BEJIMKIN KUIBKOCTI GakTopiB. KpiM Toro, 301:KHICTE METOTY
HeBHcoka. Clil MaTy Ha yBa3l TaKoX 1 Te, 110 B MIPY HAaOJIMXKEHHS 10 €KCTPEMYMY
BUHHMKA€E MOTpeda y 3MEHILIECHHI BEJIUYMHU KPOKY, L0 4Yepe3 HEMHUHYYl MOXHUOKU
BUMIPIOBaHb NMPU3BOJIUTH IO «BTPATH YYTIUBOCTI» TOCHIAY 1 CIOHYKAae OAararopa3oBo
MOBTOPIOBATH BUMIPIOBAHHS B OJHIH 1 Tiif 5K€ TOYIII.

I'panienTHI MeTOAM

JlaHi METOU MOIIYKY €KCTPEMYMY IPYHTYIOThCSI Ha MOHSTTI 1 BIACTHUBOCTAX
rpajienTa GyHKII TeKITHBKOX 3MIHHUX.

TIpadienmom pynxyii y= (X, X, ..., X, ) 6 Oesxiti mouyi npocmopy na Oesxiii
NOBEPXHI PIBHS HABUBAEMBCS BEKMOP, SAKUU NOYUHAEMBCA 8 Yitl MOoyYyl I HaNpPAaeieHuu
NnO HOpMAi 00 3A3HAYEHOI NOBEPXHI 8 CMOPOHY 3POCMAHHS (DYHKYIL T AKUL YUCENbHO
00pIBHIOE 3MIHI OAHOI YHKYIT HA OOUHUYT OOBHCUHU HOPMATL:

grad f =(6f Joxy i +(6f Joxy ) +...+ (6 Jox, Kk, (5.1)

ne of /0xq, of /0X,,...—dacTuHHI moximHi QyHKUiIl f 32 BIANOBIMHMMHU HE3aICKHHUMU
3MIHHUMHU Xy, Xp,. .., Xy ;
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,7,....,K —OMUHWUYHI BEKTOPH B HANPSIMKaX BIIMOBITHUX KOOPAMHATHUX OCEH
(optn).

BaxnBoo BIACTHBICTIO TpajieHTa € Te, M0 BiH BKa3y€e HAaNPsIMOK
MakCUMaJibHOI 3MiHM (yHKIIi B ma”id Tourl. Ha BukopucTanHi came IIi€l
BJIACTHBOCTI TpajieHTa 1 MOOYI0BaH1 IpajiieHTHI METOH MOIIYKY €KCTPEMYMY.

JIOOyTKM YacTHHHUX IOXIJHHX HAa OPTH B MpaBiii yactuHi piBHSHHSA (5.1)
HA3MBAIOTHCS CKJAJAOBUMHU rpajgieHTa. Skmo ¢(akropu € KOAOBAHUMHU, TO OPTHU
JIOPIBHIOIOTH OJMHUIII, 1 CKJIQJOB1 TPaJi€HTa CIBMAAAIOTh 3 YACTUHHUMH MTOX1THAMH,
K1, Y CBOIO UepTy, IOPIBHIOIOTH Koe(illieHTaM MOJIHOMA MEPIIOTo CTeneHs. AKIIo X
BUKOPUCTOBYIOThCSI HaTypajbHiI 3Ha4eHHS (haKTOpiB, TO 3TigHO i3 dopmyroro (5.1),
CKJIQJIOBI Tpaji€HTa [OpPIBHIOBAaTUMYTh JOOyTKam Koe(ilieHTiB perpecii Ha
IHTEpBAIK BapitOBaHHA (HakTopiB a;l ;.

[Ipn BUKOpHCTaHHI TpaJlEHTHUX METOMAIB PyX IO MOBEPXHI BIATYKY MpHU
MONIYKY €KCTPEMYMY 3A1MCHIOETBCA 32 KPOKOBUM MPUHUUIIOM, 3TITHO 3 SIKUM J0
KOOP/IMHAT HYJBOBOI TOYKHM (PAKTOPHOTO MPOCTOPY Xjo MOMAKOTHCS KPOKH, SIKi,

BOYEBHU/b, MAIOTh OYyTH MPOMOPIIHHUMHU BIAMOBIIHUM CKJIaJAOBHM TpazieHTa. Ilpu
bOMY KO€(IIEHT MPONOPUIAHOCTI, OJHAKOBUM JJI BCIX CKJIAJ0BHX I'paji€HTa, Ma€e
OyTu TakuM, OO KPOKHU OyJv 1 HE TyKe BEIUKUMHU (00 MOXKHA “TIPOCKOYHUTH’ Yepes
ONTUMYM), 1 HE JyKe MajguMu (00 To/al 3HAYHO 30UIBIIUTHCS KIUIBKICTh JAOCIIJIB 1,
KpIM TOro, MOKHa “He BIIUyTH 3MIHy MapaMmerpa omnrtuMizailii). B koxHOoMy
KOHKPETHOMY BUTIAAKY BHOIp KoedillieHTa MpONMOPLIHHOCTI 3MIHCHIOETHCS OKPEMO 3
ypaxyBaHHSM PI3HOMaHITHUX YWHHUKIB, TaKUX SK KPYTICTh IOBEPXHI BIATYKY,
TOYHICTH (ikcarlii (akTopiB 1 BU3HAYCHHS NTapaMeTpa ONTUMI3AI] 1 T. 1H. 3HAK KPOKY
CHIBMAJa€ 13 3HAKOM CKJIQJOBOI Tpaji€HTa, fAKa, B 3aJeXKHOCTI BiJ 3HAKY
BIJIMOBITHOTO  Koe(illieHTa perpecli, Moxke OyTH noAaTHOH a0 BiJ €MHOIO
BEJIMYMHOIO. SIKIIO BIAIIYKYETbCS MAaKCUMyM (YHKIIi BIATYKY, TO KpPOKH
anredpaiuHo JOAI0THCS J0 MONEPEAHIX HATYpaIbHUX 3HA4€Hb (PaKTOPIB y AOCIIIaX.
Ko X eKCTpEeMyMOM € TO4YKa MIHIMYyMY, TO, HABIaKH, KPOKH anreOpaidyHoO
BIHIMAIOTHCS.

MeToa pyxy 3a rpagi€HTOM IOJSTaE B TOMY, III0 B OKOJII TTOYaTKOBOI TOYKHU
(puc. 5.2, A) npoBOAATHCS ONIEPEAH] JOCTIAM 1 3HAXOAATHCS KOSDIIEHTH JIHIHHOTO
MoJIlHOMa 1 CKJIaaoBl TpadieHTta. Jlami 3a1MCHIOETbCS OJIUMH KPOK B HANPSMKY
rpajienTta (auB. puc. 5.2, 4). JIns 3HalaeHOT TOCTITHOI TOYKH 3HOBY BHU3HAYAIOTHCS
Koe(dimieHTH perpecii Mojaesi 1 CKJIaI0OBI T'Pali€HTa, MICIS YOro 3IHCHIOETHCS IIIe
onuH Kpok. Taka mpoueaypa MOBTOPIOETbCS 10 THX Mip, MOKM He Oyjae 3HaiineHa
TOYKA €KCTPEMyMY, B SIKIM CKJIaI0Bl IpaJieHTa JOpPIBHIOWOTh Hymo. llpu 3Ha4Hii
BIJICTaHI B1J] TOYaTKOBOI TOUKH JO €KCTPEMYMY 1 BEJIUKIM KUTbKOCTI (haKTOPIB aHUN
METO/] TOTPeOye BEIUKOT KUTBKOCTI JOCIIIIB.

MeToa HAMIIBMAIIOIO C€XO0AY (CIYCKY), SKMM Ha3WBAKOTh TAaKOK METOAOM
KpPYTOro cxoay (Cmycky), 3a 1HIIMX OJTHAKOBMX YMOB NOTpeOy€e€ MEHIIOI KUIBKOCTI
nociiaiB. Bid nosnsirae B HACTYITHOMY.

Sk 1 B momepeaIHbOMY METOJi, B OKOJII MOYaTKOBOI TOYKK (IuB. puc. 5.2, B)
POBOJUTHCS JBOPIBHEBUM (PAKTOPHUI EKCIEPUMEHT, MO pe3ysibTarax SKOro
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BHU3HAUAIOTHCA KOE(IIi€EHTH perpecii, CKIaI0oBl IpaJi€HTa 1 KPOKH S KOXKHOTO
(dakTopa.
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Pucynok 5.2 — Metoau rpazgienTa (4) i HaliCKOPIIoro chyCKy (B)

Jan 10 HyTbOBUX PIBHIB (haKTOPIB MOCHIOBHO J0JIAIOTHCS a00 BIHIMAIOTHCS
iX KpOKH, BHACIIJOK YOr0 OTPUMYIOTh YMOBU Cepii AOCITIAIB.

Kpoku cning mogaBatu 10 3Ha4eHb (PAKTOpPIB OCHOBHOTO (HYJIBOBOIO) PIBHS
TOMY, 1110 paHiiie ojiep>kaHa GyHKIIIS BIATYKY po3Kiaganach B psn Teisopa B okoJi
HYJIbOBOI TOYKH, JIO SIKOi 1 BITHOCUTKCS OIIHKA IPaJII€HTA.

B 3a3nHadveniii cepii OCIIIB CIIOYATKY, JOKUA X04a O 0/IMH 13 (haKTOPiB HE BUMIIIOB
3a MeX1 (DaKTOPHOTO MPOCTOPY EKCIIEPUMEHTY, NOCTHIAM € MucieHumu. s Hux
3HAYEHHS TapaMeTpa ONTHUMI3allii MOXXHAa 3HAaXOAUTH HE EKCIEePUMEHTaJIbHO, a
PO3paxyHKOM — 3a PIBHSHHSAM perpecii, SKIIO BOHO aJ€KBaTHE, MiJCTaBIISIOYU [0
HBOTO KOJIOBaH1 3HaueHHs (hakTopiB. B HacTymHUX mociiiax 3HA4YeHHS MapameTpa
onTUMi3allli 3HaXOAATh €KCIepUMEHTalbHO. Jlochiagu mpoBOASTH 10 THX Mip, MOKU
npupicT QyHKIII BIATYKY HE MoMiHs€ 3HaK. Lle o3nayaTume, 110 3HaiiieHa TOYKa
onTUMyMy a00 JIOKaJbHA TOYKA €KCTPEMyMY B ONTHMAaNIbHIN 00J1acTi, MO € OUIbII
“MoBIpHUM. Ha 1bOMY €KCIEpUMEHT MPUITHHSETHCS.

SAxio Mozenb HeaJeKBaTHA, TO O €KCIIEPUMEHTANBLHOI peani3alii MUCICHUX
JOCIIIIB Yy KUIbKOCTI 1-2 mpHCTynawoTh BXe B MexaxX (AKTOPHOTO MPOCTOPY
ITOYAaTKOBOT'O €KCIIEPUMEHTY.

[Tpukinan po3paxyHKy HaWIIBHUIIIOTO CXOY HaBeIeHO B Tabm. 5.1.
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Tabmuusg 5.1 — [omryk onTMMyMy METOAOM KPYTOrO CXOAY

PiBH1 (pakTOpiB 1 HOMEPHU JOCIITIB BH?GHHH (baK;op 1B y
1 2
OcHOBHUH piBEHB 1,5 7,0
IaTepBan BapiroBaHHs (akTopa 0,5 1,0
BepxHiii piBeHb 2,0 8,0
HwuxHiit piBeHb 1,0 6,0
KonoBani 3HaueHHs GhakTOpiB X1 X2
Hocmian 1 — — 95,0
2 + _ 90,0
3 - + 85,0
4 + + 82,0
Koedinientn moneni a; -2.0 -45
CxnazoB1 rpaji€HTa a,/; -1,0 4,5
Kpox mipu 3MmiHi %, Ha 0,5 -0,11 -0,5
OxpyraeHHs -0,1 —0,5
MucieHi gociian 5 1,4 6,5
6 1,3 6,0 93,3
PeanbH1 nocmian 7 1,2 55
8 1,1 50 98,6
9 1,0 4,5 97,0

3a pganumu gochigiB 1-4 (auB. TabGn. 5.1) 3HaligeHa JiHIMHA MOENb
y =88,0—-2,0%; —4,5X>.
Hocmian 5 1 6 € MHUCICHUMH, JJIi HUX 3HAUYCHHS MapameTpa ONTUMi3allii

3HAXOJAMMO PO3PAaXYHKOM 3a 3HaWJIEHOI0 MOJIEUII0 MPU BUKOPUCTAHHI KOJOBAaHUX
3HaueHb (pakropiB. Tak, s gocmigy 6 Maemo:

% =(3-15)/05=-04;
x, =(6,0-7,0)/1,0 =-10.
[TincraBuBIIM 111 3HaY€HHS ()aKTOPIB /10 BKA3aHOTO PIBHSHHS PErpecii, 0JIepKyeMo
y=88,0-2,0(-0,4)—4,5(-1,0)=933

[Tounnaroum 3 gocHiay 7, mapaMmerp OnTUMi3allii 3HaXOJAUMO €KCIEPUMEHTAIILHO,
00 3HaueHHA (PakTopa X, BUSBUIOCH MEHIITUM 3a HOTO HUXKHIA PIBEHb.

Ho Bocbmoro gmociigy GyHKIS BIATYKY 3pocTae, a Jajli  MOYMHAE
3MeHITyBaTuCh. lle o3Hauvae, mo yMoBU jgociiay 8 MpUONM3HO BIAMOBIIAIOTH
JIOKaJIbHOMY ONTHUMYMY, SIKMM SIKIIO HE CIIBMAAA€ 3 JINCHUM ONTUMYMOM, TO €

OMM3bKUM 10 HbOTO. Ha 1IbOMy eKCIepUMEeHT, CIPSIMOBAHUN Ha MOIIYK €KCTPEMYMY,
OyJI0 IPUITUHEHO.

74



B Ta6n. 5.2 npeacTaBieHo MOMIyK METOIOM KPYTOTO CXOAY XIMIYHOTO CKIIaTy
0araTOKOMITIOHEHTHOI JIETOBaHO1 CTajIl 3 HAMOUIBIIIO MIITHICTIO Ha PO3PHB.

Tabmumg 5.2 — BUkopucTaHHS METOJYy KPYyTOro CXOJy HPH BHU3HAYEHHI XIMIYHOTO
CKJIa/Ty JISTOBAHOI CTaJIi 3 MaKCHMaIbHOIO MIIIHICTIO HA PO3PUB

o o Bwmict gomimiku, % 3a Macoro y x10 -3
PiBHi (pakTopiB 1 )
nocTizm Cr| Ni [Mo| V | Nbo | Mn | C |dram
(800°C)
OCHOBHUII PiBCHb 4 2 0,1 0,02 0,1 0,4 0,4
[HTepBaN BapitOBaHHS 1 1 0,1 0,02 0,1 0,1 0,1
BepxHiii piBeHb 5 3 0,2 0,04 0,2 0,5 0,5
HwxHill piBeHb 3 1 0 0 0 0,3 0,3
KogoBane 3HaueHHs X1 Xy X3 X4 X5 X X7
dakTopa
Hocmian 1 — — — — — — — 15
2| + + — — + + — 3,5
30 + | — | + _ + - + 6,2
4| _ + + _ - + + 3,2
S| + _ _ + — + + 53
6| — + _ + + _ + 51
7 _ _ + + + + — 5,3
8| + + + + - - 5,8

Koedimieatn  monmeni | 0,71 |-0,09 | 0,64 | 0,89 054 | -0,16 | 0,46
aj
CxitagoBsi rpanienra | 0,71 -0,09 (0,064 | 0,018 | 0,054 |-0,016 | 0,046
ajl;
Kpoxu 0,8 |-0,1|0,07| 0,02 0,06 | -0,02 | 0,05
Mucnenuii nociix 9 48 | 19 | 0,17 | 0,04 0,16 0,38 0,45
PeanpHi gocmian 10| 56 | 1,8 | 0,24 | 0,06 0,22 0,36 0,50
11| 64 | 1,7 | 0,31 | 0,08 0,28 0,34 0,55
12| 72 | 16 | 0,38 | 0,10 0,34 0,32 0,60
131 80 | 15 | 0,45 | 0,12 0,40 0,30 0,65 10,3
14| 88 | 14 | 052 | 0,14 0,46 0,28 0,70
15| 96 | 1,3 | 059 | 0,16 0,52 0,26 0,75 11,0
16 | 104 | 1,2 | 0,66 | 0,18 0,58 0,24 0,80 11,5
171112 1,1 | 0,73 | 0,20 0,64 0,22 0,85 11,2
18120 1,0 | 0,80 | 0,22 0,70 0,20 0,90 10,1

Crnix 3BEepHYTH yBary Ha Te, 110 B MPEACTaBICHOMY Yy Talia. 5.2 mociiKeHHI
BHACIIIJIOK TOIIYKY E€KCTPEMyMY METOJOM KPYTOTO CXOJy MIIHICTh cTam Oyla
30UTbLIIEHA MaliKe BABIYI, 1110 CBITYUTH PO BUCOKY €PEKTUBHICTH JAHOTO METO/Y.
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CuMILIEeKC-MEeTO/

Jlanuii METOJl TPYHTYETbCS Ha «IEpeKOYyBaHHI» y (hakTOpHOMY MpOCTOpi
CUMNIEKCA — NPABUTbHO20 0A2amopaHHUKa, YMEopeHo20 WiiaXom 3 'eonanns N+1
1l020 MO4OK (8epuiur) y N-MIpHOMY HPOCOPI.

ExcriepuMeHT, CripsIMOBaHHUN Ha TMOIIYK ONTHMYMY, MPOBOJIUTHCS 3a TUIAHOM,
IpeACTaBICHUM Ha puc. 5.3 s BUMAAKy N = 2. YABIMO, IO BIAIIYKYETHCS MIHIMYM
dymxuii y = f(x;, X, ). Tlepuia cepis nocrinis crasuthest B Toukax 0, 112 (qms. puc. 5.3).
JInss BU3HAYEHHS HOBOI JOCTiAHOI Toukw cumruieke 0-1-2 obOepTaeTbcs HABKOJIO
pebpa 1-2, mpoTriie)kHOTO Tii BepiuHi (Touka 0), B sikii 3HaueHHs QYHKIIT BIATYKY
Oyno HauoutpmmM. OTKe, HOBA JOCIIJIHA TOYKAa BIJIMOBiAae Toull 3 Ha puc 5.3.
SAxmo y; >y, 1 Y > Y3, TO OOEpTaHHSIM CHUMILIEKCA HaBKOJIO pedpa 2-3 3HaXOASTh

HAaCTyNHY TOYKy 4. AHaJOrI4HI NpOLEIypU MOBTOPIOIOTHCS A0 THX IIp, MOKU
CUMIUIEKC HE «HAKpHUE» 00JaCThb MIHIMYyMY, JI€ PE3yJIbTaTh BUMIPIOBAHHS (PYHKIII
BIITYKY MO BCIX BEPIIMHAX MNPHUOJIU3HO OJIHAKOBI. 3a ONTUMAJIbHY TOYKY MOKHA
OpUIHATH OyIb-5KY 13 BepiuH cumiuiekca 11-12-13 abo #oro meHTp.

Pucynok 5.3 — [Tomryk ekcTpeMymy CUMILIEKC-METOJOM

TpaexTopis pyxy CUMIIIEKCHUM METOJOM BUIJISAA€ MPHUOIU3HO TaK Ke, 5K 1
MpU TPATIEHTHOMY TIONIYKY, ajieé HEOOXigHa KUIBKICTh JOCHIJHUX TOYOK TIpU
BUKOPHUCTAHHI CUMIUIEKC-METOAY /IO MEHIIA.

[HOMI TOCHIOBHI CHUMIUIEKCH TOYMHAIOTh OMNMCYBaTH 3aMKHEHY KPHUBY
HaBKOJIO OJHOTO 1 TOr0 X pedpa — BiIOYBA€ThCS TaK 3BaHE 3allMKIIOBaHHS. B Takux
BUMAAKax Tpeda crpoOyBaTH OOEPHYTH CUMILIEKC HABKOJIO pedpa, 10 MPOTUCTOIThH
AOpyrii (B MOPAAKY 3MEHIIEHHS 4d 301IbIIEHHS )) BEpIIMHI, a00, BIIXWIMBILUCH Y
JOBUTLHOMY HANPSIMKY, TOYATH HOBY CHCTEMY CHUMILIEKCIB 3 MEHIITUM KPOKOM.

B nuBapHOMYy BUPOOHHUIITBI CUMIUIEKC-METO/I HA0YB HIMPOKOTO 3aCTOCYBAHHS
IpU BU3HAYEHHI ONTHUMAJIBHOTO 32 BapTICTIO CKJIaAy LIMXTU MPH IUIABLI JMBApHUX
CILIaBIB.

Meton cxoay (cmycky) 3a niametrpoM edqincoina (CAE)

JIinii piBHs (AuB. puc. 5.1, 6) MOXKHA PO3IIIAAATH SK MPABUIbHI €NincH (MpH
KiTbKOCTI (hakTopiB K = 2) abo emincoinu (mipu K > 2).
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Miamempom eninca (enincoioa) Hazueaemvcsi  GIiOPI30K, AKUU HALEHCUNMD
0Y0b-sKil NpAMil, WO Npoxooumsv uepe3 yeHmp eninca (enincoioa), i sAKuil
0OMedNCeHUll MOUKAMU Nepemuny nPsmoi 3 eincom (enincoioom).

Meton CHAE 1pyHTYy€eTbCsl HA TOMY, IO JlaMETp €JINCoija BU3HAYAE HAPSIMOK
HAWKOPOTIIOTO NUIAXY JI0 HOTOo 1IEHTpa, IKUM CIIBIAAA€ 3 TOYKOIO ONTUMYMY.

[Tomyk excrpemymy 3a metogoMm CJIE 3miiiCHIOETBCS 3HAXOKEHHSIM OJTHOTO
13 JIlaMeTpiB edincoiga 1 MOJaNbIIMM IEPEeMIIICHHSAM Y3J0BXXK HBOTO aX J0
EKCTPEMYMY.

Posrinsaemo momryk ontumymy 3a merogoMm CJIE Ha mpuknami BU3HAYCHHS
TOYKH MiHiMyMy GyHKLIT Y = (X, X, ), JiHii piBHs fx0i Noka3aHi Ha puc. 5.4. Hexai
Touka |, mpuiiHATa AK TouyarkoBa. [loyaTok TOIIYKY 3IHCHIOETHCS 33 METOIOM
[ayca-3eitnens (mocmiau 1, 2, 3,4 1 5 B Hanpsmky [ ipu X, = const).

[Tpunyctumo, mo Yy, <VYs, Y4 <Yz, IPUUOMY UYEpe3 ICTHHHHHA MIHIMYM B
TOYIll TEpPEeTUHY HampsMKy [ 3 1laMeTrpoM oa MM, SK 1€ BHJIHO 3 puc 5.4,
MepecTyNnuiu. [ yTOUHEHHs MOJ0KEHHS 3a3HAYEHOI TOUKH JIOKAJIbHOTO MIHIMYyMY
pe3yNbTaTH JIOCTI/IIB, MPUBEICHUX B HAMIPSAMKY I, y3arajabHIOEMO piBHSHHAM

2
Y =Yo +CiXg +CoXq,

npoau(epeHIliIoBaBIId AKE MO X; 1 MPHUPIBHSABIIM TMEPIIy MOXIAHY J0 HYJIS,
3HaXOJIUMO MOJIOKEHHS TOUKH JIOKAJIBLHOTO MIHIMyMY:

Xpmin = (=C1)/2¢C,

2z

0 &y
Pncyﬂok 5.4 — Meton cnycky 3a JIIaMeTPOM eJTircoimga (C)IE)

Jaui B miif Touni GikCcyeMo X; 1 MPOBOJMMO Cepito J0CiiiB B HanpsMKy 11 (nuB.
puc. 5.4), 3a TaHUMHU SIKUX, aHAJIOTIYHO IMOIMEPEIHHOMY, 3HAXOJAMMO TOUYKY JPYroro
JIOKaJIbHOTO ONTUMYMY — 9.
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Tpers cepis nocniaiB B HanpsMKy ' (nuB. puc. 5.4) 103BOJsiE 3HAUTH APYTY
TOYKY JiaMeTpa oa (Touka 16).

Jlanmi masxoM JIiHIHHOTO MPOTHO3YBAHHS 3HAXOIATH KOOPAMHATH TOYKU 17
(muB. puc. 5.4), a mOTIM, pyXar4uch Mo HampsaMmky 1", omepkyloTh KOOpAMHATU
TPEeThOi TOUKH eircoina (Touka 20).

Ak BugHO 3 puc. 5.4, alaMeTp €IINcoina € KPUBOJIHIMHUM uepe3 Te, IO
eNITICOIN HE € 1IcaTbHUM, TOMY KOOPJIMHATH TOYOK 17 1 20 He criBOajaroTh.

[ToBTOpIOIOYM 3a3HAuYEH1 MPOUEAYPH, 3HAXOATh BPEIITI-PEIIT €KCTPEMATIbHY
TOYKY.

[Mpuknaau Bukopuctanus Mmetoay C/IE moxxHa 3HaiiTh B [§].

5.2. KoHTpoJIbHI 3anIMTAHHS

I. B 4YoMy monsirae CyTh KJIACMYHOTO AHAIITUYHOTO METOAY TMOIIYKY
eKcTpeMyMy 0araToakTOpHOTo 00’ €KTa TOCTIIKEHHS?

2. Jlaiite xapakTepucTuky metony ['ayca-3ennens.

3. SIK1 ICHYIOTb IpaiiEHTHI METOU MOLIYKY eKcTpeMymy? CxapakTepu3yure ix
0COOJIMBOCTI, MEPEBArk Ta HEJOJIKH.

4. 1llo Ha3uBa€eTHCS TPATIEHTOM (PYHKIIIT BIATYKY?

5. [llo Ha3MBa€THCS CKIIAJ0BOIO IPAJIIEHTA, KPOKOM, BiJ SIKOT TOYKH (DAKTOPHOTO
MIPOCTOPY 1 YOMY TTOUNHAETHCA KPOKYBaHHS?

6. CxapakTepu3yuTe CUMILIIEKC-METO/I MOIIYKY EKCTPEMYMY.

7. Ha 4oMy TpyHTYyeThCS 1 SIK 3MIIMCHIOETHCS METOJ CXOony (CIycky) 3a
JiaMeTpoM edircoina’?

5.3. 3aBaanus

Jns ymoB 3aBaanHs 4.3 3rigHo Tabn. 4.9 mpoBecTH po3paxyHOK KpPYyTOTO
cxoay. B ycix BapianTax 3aBJaHHs NPUIHATH HACTYIHI J1aHl 100 (HaKTOPiB:

X1 X2
OCHOBHUH piBeHb (paKTOpa 1,5 7,0
1HTEepBaJ BapitoBaHHs pakTopa 0,5 1,0
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JlomaTok 2

3nauenns t-kpurepito CThrofieHTa npu 5%- My piBHI 3HAUYIIOCTI

Yucno 3Ha4YeHHS Yucno 3Ha4YeHHS Yucno 3Ha4YeHHS
CTEIEeHIB t-xpurepito CTETIEHIB t-kpurepito CTETIEHIB t-xpurepito
cBoGoau f cBobomu f cBobomn f

1 12,71 11 2,201 21 2,080
2 4,303 12 2,179 22 2,074
3 3,182 13 2,160 23 2,069
4 2,776 14 2,145 24 2,064
5 2,571 15 2,131 25 2,060
6 2,447 16 2,120 26 2,056
7 2,365 17 2,110 27 2,052
8 2,306 18 2,101 28 2,048
9 2,262 19 2,093 29 2,045
10 2,228 20 2,086 30 2,042

0 1,960
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Jlomatox 3

3nauenns F-kpurepito ®imepa npu 5 %-My piBHI 3HAUYIIOCTI

f;

f 1 2 3 4 5 6 12 24 0
1 164,4 | 1995 | 215,7 | 2246 | 230,2 | 234,0 | 2449 | 2490 | 254,3
2 18,5 19,2 19,2 19,3 19,3 19,3 194 19,4 | 195
3 10,1 9,6 9,3 91 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6
5 6,6 5,8 5,4 52 51 50 4,7 4,5 4,4
6 6,0 51 4,8 4,5 4,4 4,3 4,0 3,8 3,7
/ 5,5 4,7 4,4 4,1 4,0 3,9 3,6 3,4 3,2
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9
9 51 4,3 3,9 3,6 3,5 3,4 3,1 29 2,7
10 50 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
11 4,8 4,0 3,6 3,4 3,2 3,1 2,8 2,6 2,4
12 4,8 3,9 3,5 3,3 3,1 3,0 2,7 2,5 2,3
13 4,7 3,8 3,4 3,2 3,0 2,9 2,6 2,4 2,2
14 4,6 3,7 3,3 3,1 3,0 2,9 2,5 2,3 2,1
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 2,1
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 2,2 2,0
17 4,5 3,6 3,2 3,0 2,8 2,7 2,4 2,2 2,0
18 4,4 3,6 3,2 2,9 2,8 2,7 2,3 2,1 1,9
19 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,9
20 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
22 4,3 3,4 3,1 2,8 2,7 2,6 2,2 2,0 1,8
24 4,3 3,4 3,0 2,8 2,6 2,5 2,2 2,0 1,7
26 4,2 3,4 3,0 2,7 2,6 2,5 2,2 2,0 1,7
28 4,2 3,3 3,0 2,7 2,6 2,4 2,1 1,9 1,7
30 4,2 3,3 2,9 2,7 2,5 2,4 2,1 1,9 1,6
40 4,1 3,2 2,9 2,6 2,5 2,3 2,0 1,8 1,5
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4
120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 1,6 1,3
0 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0
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